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Description 

BACKGROUND OF THE INVENTION 

This invention relates to recording and reproduc- 
ing optical disk devices, and more particularly to mag- 
neto-optical disk devices which utilize a magnetic ma- 
terial as the recording medium. 

The recording and reproducing optical disk devic- 
es of the at)Ove type effects recording on the disk as 
follows: the recording spot on the disk is heated by 
means of a tight (laser) beam to raise the temperature 
thereat; in addition, a varying exterior magnetic field, 
namely the biasing magnetic field, is generated by a 
magnetic head to reverse the direction of the magne- 
tizatk)n of the magnetic material on the disk. On the 
other hand, during the reproducing operation, a light 
beam of less energy is irradiated on the recording sur- 
face to read out the above directton of the magneti- 
zation on the disk by means of a magneto-optteal ef- 
fect, such as the magnetic Kerr effect or Faraday ef- 
fect This type of optical disk device is finding increas- 
ing applications as exterior memory devices of com- 
puters, audio disks, etc. 

Fig. 1 shows an example of the recording and re- 
producing optical disk device of the above type. Adisk 
1 is rotated by a disk driver motor 2. The light beam 4 
emitted from the optical head 3 forms a converged 
light spot 5 on the surface of the disk 4; the diameter 
of the light spot 5 is generally from about 1.0 to 1.5 
micrometers. The optical head 3 comprises following 
elements: a light source for emitting the light beam; 
optical elements for conducting to the surface of the 
disk 1 the light beam emitted from the light source; 
optical elements for conducting the light reflected 
from the disk surface; a photosensor element (a light- 
sensitive detector) for converting the reflected light 
into an electrical signal upon receiving the reflected 
light via the above optical elements for conducting the 
reflected light; and optical sensors for detecting the 
focusing and tracking errors of the light spot 5 on the 
recording surface of the disk 1, The objective lens of 
the optical head 3 which forms the light spot 5 on the 
disk 1 is driven in the focusing direction perpendicular 
to the recording surface of the disk 1 and in the direc- 
tion perpendicular to the track on the recording sur- 
face, such that the focusing and the tracking errors 
are reduced. The optical head 3 is supported on the 
base 6, which is supported on the frame of the device 
via the bearings 7a and 7b to be driven in the radial 
direction A. Further, on the base 6 is disposed a mag- 
netic head 8 for generating an exterior magnetic field 
from the side opposite to the side at which the optical 
head 3 is situated. The recording on the disk 1 is ef- 
fected by modulating this exterior magnetic field gen- 
erated by the magnetic head 8. 

As shown in detail in Fig. 2 (a) through (c), the dis- 
tance (designated by Hi, through H3, respectively) be- 



tween the recording surface of the disk 1 and the 
magnetic head 8 varies as the disk 1 rotates. The 
strength of the magnetic field generated by the mag- 
netic head 8 is generally from about 100 to 500 Oe at 

5 the recording surface; as Illustrated in Fig. 3, the mag- 
netic field strength B at the recording surfece of the 
disk 1 (plotted along the ordinate) decreases as the 
distance H between the surface of the disk 1 and the 
magnetic head 8 (plotted along the abscissa) increas- 

10 es. The distance H between the recording surface of 
the disk 1 and the magnetic head 9 varies as the disk 
1 rotates, due, for example, to an undulating motion 
of the recording surface of the disk 1. 

The above conventional recording and reproduc- 

16 ing optical disk device therefore has the following 
problems. First the distance H between the magnetic 
head 8 and the recording surface of the disk 1 cannot 
be set as small as is desired, if the contact of the head 
8 with the disk 1 is to be avoided: thus, the efficiency 

20 of the magnetic head 8 In producing a magnetic field 
at the recording surface of the disk 1 is reduced. Sec- 
ond, the variation of the distance H between the head 
8 and the recording surface of the disk 1 results in a 
variation in the recording characteristics. Third, if the 

25 above problems are to be avoided, an extremely high 
mechanical preclston is required of the device. 

GB-A-2 083 677 discloses a magneto-optical disk 
device in which magnetic head means are provided 
with apparatus for adjusting the position of the mag- 

30 netic head. It has however, been found that It would 
be desirable to provide an Improved arrangment for 
maintaining the position of the magnetic head relative 
to a disk. 

35 SUMI\4ARY OF THE INVENTION 

It is a primary object of this invention therefore to 
provide an optical disk recording and reproducing de- 
vice in which the distance between the magnetic head 
40 and the disk is maintained at a constant target value 
thereof. 

In order to maintain the distance between the disk 
and a recording and reproducing head of the optical 
disk device, it is necessary to use an actuator. Thus, 
45 it is an additional object of this invention to provMe a 
bimorph type actuator which is suited to be used for 
controlling the distance between the head and the 
disk of an optical disk recording and reproducing de- 
vice. 

so Further, it Is essential to detect the distance be- 
tween the head and the disk for the proper control 
thereof. Thus, it is still another object of this invention 
to provide an optical distance detector which is suited 
to measure the distance between the head and the 

55 disk with accuracy. 

According to the Invention there is provided an 
optical disk device as set out in Claim 1 or Claim 11. 
Preferred features of the inventton are set out in 
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Claims 2 to 10 and 12 to 20. 

The invention also provides a bimorph actuator 
as set out in Claim 9. 

The optical distance detector according to this in- 
vention comprises a light source, such as a light- 5 
emitting diode, and a first and second optical detec- 
tors, such as photodlodes. The light emitted from the 
light source is reflected by a surface of an object to 
be received by the two optical detectors, which out- 
puts signals corresponding to the amount of light In- io 
Merit thereon. The light-receiving surfeces of the 
two optical detectors are coplanar and substantially 
perpendicular to the optical axis of the light source; 
and the light-receiving surface of the second optical 
detector Is situated farther away from the optical axis is 
of the light source than the light-receiving surface of 
the first optical detector. The geometric parameters of 
the light-receiving surfaces of the two optical detec- 
tors are selected in such a manner that in the meas- 
ursnnent range of the distance, the output of the first 20 
decreases as the measured distance incraases while 
that of the second Increases as the measured dis- 
tance increases. Thus, the normalized differential 
output of the two optical detectors, i.e., the ratio of the 
difference between the outputs of the first and sec- 25 
ond optical detectors to the sum thereof, is substan- 
tially in linear relationship with the measured dis- 
tance. 

In a preferred form, the light-receiving surface of 
the two optical detectors are disposed concentrically 30 
around the optical axis of the light source, it is also 
pref^n^d that the light-receh^lng surfaces of the two 
optical detectors are stepped forwards from the light- 
emitting surface of the light source in the direction of 
the optical axis of the light source toward the reflec- 35 
tive surface of the object, so that separation between 
the light-emitting surface of the light source and the 
light-receiving surface of the first optical detector in 
the direction perpendicular to the optical axis of the 
light source may be made as small as is desired. 40 

BRIEF DESCRiPTiON OF THE DRAWINGS 

The novel features which are believed to be char- 
acteristic of our Invention is set forth with particularly 45 
in the appended claims. Our Invention itself, however, 
both as to its organization and method of operation, 
together with further objects and advantages thereof, 
may best be understood from the detailed description 
of the preferred embodiments, taken in conjunction so 
with the accompanying drawings, in which: 

Fig. 1 is a schematic side elevational view of a 
conventional optical disic recording and reproduc- 
ing device; 

Fig. 2 shows enlarged views of a recording por- 55 
tion of the device of Fig. 1 in operation, in three 
states in which the distance between the magnet- 
ic head is small (Fig. 2 (a)), intormedlate (Fig. 2 



(b)), and great (Fig. 2 (c)); 
Fig. 3 shows a relation between the distance be- 
tween the magnetic head and the disk and the 
magnetic field strength generated by the mag- 
netic head at the recording spot of the disk; 
Fig. 4 is a view similar to that of Fig. 1 , but show- 
ing an optteal disk device according to this inven- 
tion having a bimorph type actuator for the mag- 
netic head thereof; 

Fig. 5 Is a prospective view of the binnorph type 
actuator of the optical dtek device of Fig. 4; 
Fig. 6 is an enlarged schematic secttonal view of 
a recording portion of the optical disk recording 
and reproducing device of Fig. 4 in operatk>n; 
Fig. 7 is a prespective view of an optk»l distance 
detector assembly of an optical disk device ac- 
cording to this invention; 
Figs. 8 and 9 are side elevational views of an opt- 
ical distance detector of Fig. 7 in operation; 
Fig. 10 shows a relation between the variation of 
the magnetic head distance and the variation in 
the magnetic field strength generated at the re- 
cording spot; 

Fig. 11 is a view simiaiar to that of Fig. 9, but 
showing another embodiment of an optical dis- 
tance detector of an optical disk recording and re- 
producing device according to this Invention; 
Fig. 12 is a side elevational view of an optical dis- 
tance detector of Fig. 11 in operation; 
Fig. 1 3 shows the relations between the location 
of the two parts of the light-sensitive element of 
the optical distance detector of Fig. 11 and the in- 
tensity of light incident thereon, in the two cases 
of great and small measured distance; 
Fig. 14 shows the relatton between the measured 
distance and the differential output of the two 
parts of the light-sensitive element of the optical 
distance detector of Fig. 11 ; 
Fig. 15 shows an axial section of a typical optical 
distance detector; 

Fig. 16 shows the relatton between the measured 
distance and the intensity of light incident on the 
photodetector of the optical distance detector of 
Fig. 15; 

Fig. 17 shows a basic geometry of light-emitting 
dtode and the photodetectors of an optical dis- 
tance detector suitable for use in an embodiment 

of this invention; 

Fig. 18 shows the relations between the location 
of the photodetectors of Fig. 17 and the intensity 
of light incident thereon, in the two cases of great 
and small measured distence; 
Fig. 19 shows the relations of the measured dis- 
tance and the intensity of light i nckient on the first 
and the second photodetector of Fig. 17, respec- 
tively; 

Fig. 20 shows the relations of the measured dis- 
tance and the outputs of the photodetectors of 
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Fig. 17 in the measurement range thereof; 
Fig. 21 is a schematic circuit diagram for comput- 
ing a normalized differenctial output of the two 
photodetectors of the optical distance detector of 
Fig. 17. 5 
Fig. 22 shows the relation between the measured 
distance and the nonmalized differential output 
computed by the circuit of Fig. 21 ; 
Figs. 23 and 24 are plan views of the concentric 
arrangements of photodetectors of an optical dis- io 
tance detector suitable for use In an embodiment 
of this invention; 

Fig. 25 shows a stepped configuration of the pho- 
todetectors of an optical distance detector suit- 
able for use in an embodiment of this Invention, i6 
wherein Fig.25 (a) shows a side eievational view 
thereof and Flg.25 (b) shows a plan view thereof; 
Fig. 26 is a plan view of the substrate of the opt- 
ical distance detector of Fig. 25; 
Fig. 27 is a side eievational view of the detector 20 
of Fig. 26 in operation; 

Fig. 28 shows a portion of an optical disk device 
in which an optical distance detector similar to 
that of Fig. 26 Is installed, wherein Fig. 28 (a) is 
a plan view thereof while Fig. 28 (b) Is a side ele- 25 
vatlonai sectional view thereof; 
Fig. 29 shows a stepped concentric configuration 
of the photodetectors of an optical distance de- 
tector suitable for use in an embodiment of the In- 
vention, wherein Fig.29 (a) Is a plan view thereof 30 
while Fig.29 (b) is a side eievational view thereof; 
Fig. 30 shows the top and bottom views of the 
spacer of the distance detector of Fig. 29; 
Fig. 31 shows the bottom view of the spacer of 
Fig. 30 on which the light-emitting diode Is nruiunt- 35 
ed; 

Figs. 32 and 33 show the optical distance detec- 
tor of Fig. 29 in operation, in the two cases of 
great and small measured distance, respectively 
(Figs. 32 (a) and 33 (a)), together with the inten- 40 
sity of light incident thereon (Figs. 32 (b) and 33 
(b)); 

Fig. 34 shows a stepped configuration of the pho- 
todetectors of an optical distance detector similar 
to that shown In Fig. 30, wherein Fig. 34 (a) is a 45 
plan view thereof while Fig. 34 (b) is a side eie- 
vational sectional view thereof; 
Fig. 35 (a) and (b) show an end view and a plan 
view of a spacer member of the optical distance 
detector of Fig. 34, respectively; so 
Fig. 36 Is a plan view of the substrate of the opt- 
ical distance detector of Fig. 34; 
Fig. 37 is a side eievational sectional view of an- 
other stepped concentric configuration of the 
photodetectors of an optical distance detector 55 
suitable for use in an embodiment of the Inven- 
tion; 

Fig. 38 is an exploded perspecthre view of the 



configuration of the photodetectors of Fig. 37; 
Fig. 39 is a circuit diagram showing the circuit for 
driving the light-emitting diode and the photode- 
tectors of the optical distance detector of Fig. 37; 
Fig. 40 Is a perspective view of a typical bimorph 
type actuator for driving the optical head of an 
optical disk recording and reproducing device; 
Fig. 41 is a side view of a piezoelectric bimorph 
element of the actuator of Fig. 40 in operation; 
Fig. 42 Is a graph showing the frequency charac- 
teristics of the gain of the actuator of Fig. 40; 
Fig. 43 is a perspective view of a typical bimorph 
type actuator for driving the magnetic head of an 
optical disk recording and reproducing device, 
showing together therewith a driver circuit there- 
of; 

Fig. 44 is a graph showing the frequency charao- 
teritics of the gain of the actuator of Fig. 43; 
Fig. 45 is a perepectlve view of a bimorph type ac- 
tuator for driving the optk:al head of an optical 
disk recording and reproducing device, which ac- 
tuator having a shim of special geometry effec- 
tive for suppressing vibrations modes at higher 
resonance frequencies; 
Fig. 46 is a plan view of the actuator of Fig. 45; 
Fig. 47 is a side view of the actuator of Fig. 45 In 
operation; 

Fig. 48 is a graph showing the frequency charac- 
teristics of the gain of the actuator of Fig. 46; 
Fig. 49 Is a plan view of another bimorph type ac- 
tuator for driving the optical head of an optical 
disk device, which actuator having a shim of spe- 
cial geometry effective for suppressing vibra- 
tions modes at resonance frequencies other than 
the second resonance frequency; 
Fig. 50 is a graph showing the frequency charac- 
teristics of the gain of the actuator of Fig. 49; 
Fig. 51 is a perapective view of another bimorph 
type actuator according to this invention, having 
a shim of special geometry similar to that of the 
shim of the actuator of Fig. 45; 
Fig. 52 is a perspective view of another bioKMph 
type actuator according to this invention for driv- 
ing a magnetic head chip of a magnetic tape re- 
cording and reproducing device, which actuator 
having a shim of special geometry similar to that 
of the shim of the actuator of Fig. 45; 
Fig. 53 is a perspective view of a further bimorph 
type actuator according to this invention for driv- 
ing the magnetic head of an optical disk recording 
and reproducing device, which actuator having a 
shim of special geometry similar to that of the 
shim of the actuator of Fig. 45; 
Fig. 54 is a perapective view similar to that of Fig. 
43, but showing an actuator according to this in- 
vention wherein the bimorph element has a re- 
cess for outputting an acceleration signal of the 
vibratton of the actuator; 
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Fig. 55 is a block diagram of the driver circuit of 
the actuator of fig. 54; 

Fig. 56 Is a graph showing the frequency charac- 
teristics of the gain of the actuator of Fig. 54; 
Fig. 57 is a perspecth^e view of another biniorph 
type actuator having a recess on one of the par- 
allel plate-shaped bimorph elements according 
to this invention, which recess is similar to that of 
the actuator of Fig. 54; 

Fig. 58 is an axial sectional view of an electro- 
magnetic actuator for driving the magnetic head 
of an optical disk recording and reproducing de- 
vice according to this invention; 
Fig. 59 is an exploded perspective view of the ac- 
tuator of Fig. 58p showing the parts of the actua- 
tor upside down with respect to the attitudes 
thereof shown in Fig. 58; 
Fig. 60 is a view similar to that of Fig. 58, but 
showing another embodiment of an electromag- 
netic actuator according to this invention; and 
Fig. 61 is a view simitar to that of Fig 58. butshow- 
ing still another embodiment of an electromag- 
netic actuator according to this invention. 
In the drawings, like reference numerals, except 
where stated otherwise, represent like or correspond- 
ing parts or portions. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

in the following, optical disk devices and portions 
thereof characteristic of this invention are described 
under respective headings. 

Optical Disk Device with a Bimorph Type Actuator 

Refem'ng now to Figs. 4 through 6 of the draw^ 
ings. a first embodiment of a recording and reproduc- 
ing optical (more precisely magneto-optical) disk de- 
vice according to this invention is described. This em- 
bodiment of optical disk device is characterized by a 
bimorph type actuator that controls the distance be- 
tween the magnetic head and the disk. Under this 
heading, only the overall structure of the device is de- 
scribed. 

As shown in Fig. 4, this optical disk device is sinrv 
ilar to that described above in reference to Fig. 1 , ex- 
cept for the following difference: the device compris- 
es a bimorph type actuator 9 mounted at one end 
thereof to a supporting base 6, and the magnetk: head 

8 is mounted to the lower surface of the free end por- 
tion of a bimorph type actuator 9, as shown in detail 
in Fig. 5. The actuator 9 consists of a pair of piezo- 
electric plate-shaped elements 9a and 9b which are 
coupled together via an electrically conductive plate 
such that a voltage applied thereacross causes one 
to expand and the other to contract; thus, the actuator 

9 is bent and deflected in the direction B perpendicu- 



lar to the recording surface 1a of the disk 1 in propor- 
tion to the voltage applied thereto. Further details of 
the structures of bimorph type actuators which are 
characteristic of this invention are described in detail 

5 under the heading 'Bimorph Type Actuators" below. 
The objecthfe lens 3a in the optical head 3 is driv- 
en in the focusing direction 0 by means of a lens ac- 
tuator 3b, as shown explicitly in Fig. 6. As well known 
in the art, the actuator 3b is driven in response to an 

10 output signal of an optical distance detector (descri- 
bed below) 80 that the distance J between the lens 3a 
and the recording surfece la on the disk 1 is main- 
tained constant at a predetermined magnitude. The 
same voltage applied to the actuator 3 is applied to 

IS the bimorph type actuator 9 to wove the free end 
thereof in direction B, so that the distance H between 
the magnetic head 8 and the recording surface 1a of 
the disk 1 is maintained constant at a predetermined 
magnitude. 

20 By the way, as is well known in the art. optical 
disk 1 comprises a layer of magnette material 1b on 
which the recording of information is effected, and a 
substrate la transparent to the light (laser) beam on 
which the layer of magnetic material lb is deposited 

25 by a method such as the vacuum deposition or sput- 
tering. 

Optical Distance Detectora 

30 Under this heading, a few optical distance detec- 
tors for use with magneto-optical disk recording and 
reproducing device are described. Further optical dis- 
tance detectors which are suited to be used with the 
magneto-optical disk recording and reproducing de- 

35 vices are described below under the next heading un- 
der which detailed explanation of the princple of their 
operation is given. These optical distance detectors 
are not in themselves part of the present invention, 
but can be employed in embodiments of the present 

40 invention. Optical distance detectore as described in 
the foilovnng two sections form the basis for divisional 
European Patent Application No. 93201147.1. 

First, refening to Figs. 7 through 9 of the draw- 
ings, an optical distance detector of an optical disk re- 

45 cording and reproducing device according to this in- 
vention is described. As shown in Fig. 7, a plate- 
shaped support member 13 of a L-shaped cross sec- 
tion is nfKHjnted at one end thereof to the two surface 
of the supporting base 6 of the optical disk device. 

so Near the free end of the support member 13 are 
mounted a pair of optical distance detectore: a first 
detector consists of a light-emitting element (i.e. light- 
emitting dk>de) 14 and a partitioned light-sensrtive 
element 15 consisting of a pair of light-sensitive de- 

55 tectore (l.e. photodetectora such as photx)diodes) 1 5a 
and 15b; a second detector consists of a light emit- 
ting-element 16 and a partitioned light sensitive ele- 
ment 17 consisting of a pair of light-sensitive detec- 
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tors 17a and 17b. The width of the support member 
13 is substantially greater than that of the plate- 
shaped actuator 9 situated thereunder; the first de- 
tector consisting of elements 14 and 15 Is situated 
above the surface of the disk 1 , while the second de- s 
tector consisting of elements 16 and 17 Is situated 
above the actuator 9. Hence, as shown in Fig. 9, the 
light emitted from element 14 of the first detector is 
reflected on the surface of the disk 1 and received by 
the element 1 5; the first detector thus detects the dis- io 
tance between it and the surface of the disk 1 . On the 
other hand, the light emitted from element 16 of the 
second detector is reflected on the upper surface of 
the actuator 9 and received by the element 17; the 
second detector thus detects the distance between it is 
and the upper surface of the actuator 9. The photo- 
sensitve elements 15 and 17 consists of two photo- 
detectors, as shown in Figs. 8 and 9; the details of the 
operation of the above first and second optical dis- 
tance detectors will become dear from the descrip- 20 
tions below under this and the next heading. The dis- 
tance H between the magnetic head 8 and the sur- 
face of the disk 1 can be easily calculated from the 
distances determined by the above first and second 
distance detectors. 25 

As shown In Fig. 10, the variatton AH In the dis- 
tance H between the magnetic head 8 and the disk 1 
result in a variatton AB in the magnetic field strength 
at the recording surface of the disk 1 . However, if the 
actuator 9 Is driven In direction B in response to the 30 
distance H determined by the distance detector of 
Figs. 7 through 9, the varfatton AH In the distance, and 
hence the variation in the recording characteristics, 
can be effectively reduced. 

Referring now to Figs. 11 through 14 of the draw- 35 
ings, another optical distance detector of an optical 
disk recording and reproducing device and the princi- 
ple of operation thereof are described. 

As shown in Fig. 12, the disk 1 of the recording 
and reproducing device according to this embodiment 40 
is situated above the bimorph type actuator 9 carry- 
ing the magnetic head 8 thereon, optical head (not 
shown) being situated above the disk 1. The optical 
distance comprises a light-emitting element 18 and a 
partitioned light-sensitive element 19 consisting of a 4S 
pair of light-sensitive detectors 19a and 19b, which 
are disposed on the upper surface of the plate- 
shaped actuator 9 beside the magnetic head 8, as 
best shown in Fig. 11. As a result, the light emitted 
from the element 1 8 is reflected by the lower surface 50 
of the disk 1 and received by the element 19, as 
shown in Fig. 12. The actuator 9 is applied with a vol- 
tage corresponding to the output of the distance de- 
tector, to be bent in the direction B perpendicular to 
the recording surface of the disk 1, so that the dIs- 59 
tance between the disk 1 and the magnetic head 8 is 
maintained constant 

Next, referring to Figs. 13 and 14, let us describe 



the principle of operatk>n of the optical distance de- 
tector comprising the light-emitting element 18 and 
the partitioned light-sensitive element 19. Fig.13 (a) 
and (b) show the relationship between the distance D 
along the line E-E in Fig. 11 (along which the section 
shown in Fig 12 is taken) from the center of the ele- 
ment 18, and the intensity of the reflected light Inci- 
dent on a point on line E-E at a distance D from the 
center of the element 18. Fig. 13(c) shows the dis- 
tance D in alignment with the distance D taken along 
the abscissas of Fig. 13 (a) and (b). Fig, 13 (a) shows 
the relation in a case where the distance F between 
the lower surface of the disk 1 and the upper surfaces 
of the elements 1 8 and 1 9 is relatively great. In case, 
the Intensity of reflected light incident on a point on 
line E-E at distance D from the center of the element 
18 decreases slowly as the distance D increases; 
thus, the difference in the amounts of light Incident on 
the detectors 19a and 19b, respectively, is small. On 
the other hand, when the disk 1 becomes near the 
surfeces of the elements 18 and 19, the intensity of 
reflected light incident on line E-E becomes markedly 
peaked at the center of the element 1 8 and decreases 
raptolly with the increase in the distance D, as shown 
in Fig. 13 (b); thus, In such case, the difference be- 
tween the amounts of light incident on the cells 19a 
and 19b, respectively, becomes greater. 

The distance F between the disk and the surfac- 
es of the elements 1 8 and 1 9 can be determined from 
the magnitude of the difference between the output 
levels of the light-sensitive detectore 19a and 19b. 
Fig. 14 shows the relation between the distance F 
(plotted along the abscissa) and the differential out- 
put of the partioned light-sensitive element 1 9, name- 
ly the difference in the output of the light-sensitive de- 
tectore 19a and 19b (plotted along the ordinate), 
wherein the target level of distance F is marked by a 
dotted line. The distance F between the elements 18 
and 19 of the distance detector and the disk 1 varies 
around the target distance thereof In a region in which 
the differential output decreases monotonously (i.e. 
substantially linearly) as the distance F increases. 
Thus, in its variation region, the distance F corre- 
sponds to the differential output by a one-to-one re- 
lationship. As a result, the distance F, and hence the 
distance between the magnetic head 8 and the re- 
cording surfeoe of the disk 1 , are determined uniquely 
by the differential output of the element 19. 

Further Optical Distanct Detectore 

In the following, further optical distance detectore 
are described. These optical distance detectors com- 
prise, as a light source, a light-emitting diode, and, as 
a light-sensitive element, a pair of photodetectora 
(photodiodes) which detects the amounts of light in- 
ckient thereon after being reflected by a specular sur- 
face of an object; they are all characterized In their 
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utilization of the normatized differential output (de- 
scribed under the sub-heading (b) below); most of 
them are characterized in their special geometry of 
the photodetectors. They are especially suited to be 
used as a distance detector in a magneto-optical disk s 
recording and reproducing device, although they may 
be used for other purposes as well. Before embarking 
on the description thereof, however, the structure and 
the principle of operation of a typical optical distance 
detector are reviewed. io 

(a) Typical Structure of Optical Distance Detector 

Fig. 15 shows the structure of a typical optical 
distance detector. The distance detector comprises is 
the following elements: a light-emitting diode 21 dis- 
posed on a base plate 22; a photod elector (photo- 
diode) 23 disposed on the same base plate 22; a con- 
verging lens 24 including two convex lens portions 
having distinct optical axes, which convex lens por- 20 
tions converging the emitted and the reflected tight, 
respectively; and a window pane 25 closing the open 
end of the housing 26 accomodating the diode 21 , the 
photodetector 23, and the converging lens 24. 

The operatton of the distance detector of Fig. 15 25 
is as follows: The light emitted from the diode 21 is 
converged by the lens 24 and is radiated from the win- 
dow pane 25 of the housing 26, to be reflected by a 
surface of the object 27. such as the recording sur- 
iace of an optical disk, the distance from which to the so 
distance detector is measured. (The optical axis of the 
light from the light-emitting diode 21 to the surface of 
the object 27 is shown by a dot and dash tine 28). The 
light reflected at the surface of the object 27 entera 
Into housing 26 via the window pane 25 and is con- 3S 
verged by the lens 24 to be received by the photode- 
tector 23. (The optical axis of the tight from the sur- 
face of the object 27 to the photodetector 23 is shown 
by a dot and dash line 29.) 

The light-emitting diode 21 is driven at a constant 40 
output level; hence, the amount of tight emitted from 
the diode 21 is constant Thus, the amount of light in- 
cident on the element 23 is determined by the dis- 
tance between the object 27 and the distance detec- 
tor, and the reflectance and the geonrietric form of the 45 
surface of the object 27. In the case where the reflec- 
tance and the geometric form of the object 27 do not 
vary, the amount of light incident on the photodetector 
23 is determined solely by the distance between the 
photodetector and the object 27. Fig. 1 6 shows the re- so 
lation between these two factors: the distance be- 
tween the distance detector and the reflective sur- 
face of the object, and the intensity of light incident on 
the photodetector. As shown in the figure, the inten- 
sity of light (plotted along the ordinate) Is peaked at ss 
the distance of about 4.5 mm and falls off thereabove 
as the distance becomes greater. Thus, as long as the 
distance to be measured is within a range In which the 



relation between the measured distance and the in- 
tensity of light incident on the photodetector is linear 
(or nrK)re precisely monotonous), the output of the 
photodetector 23 (which is proportional to the inten- 
sity of light incident thereon) corresponds to the 
measured distance by a one-to-one relationship. 
Thus, the distance to be measured can be determined 
uniquely from the output level of the photodetector 
23. 

The typical optical distance detector as described 
above, however, has the following disadvantage. 
Namely, the output of the element 23 depends not 
only on the distance but also on the reflectance of the 
surface of the measured object 27. Thus, when the re- 
flectance of the object 27 varies, the distance detec- 
tor is incapable of determining the distance. As a re- 
sult, the application of this optical distance detector is 
limited to the case where the reflectances of the 
measured objects do not vary from one object to an- 
other. The optk»l distance detectore having parti- 
tioned light-sensitve elements described above are 
improved in this respect; however, they stilt leave 
much to be desired. Hence, in the following further 
embodiments of the optical distance detector accord- 
ing to this invention, which aims at solving the above 
problem, are described. The optical distance detec- 
tors described in the following are also suited to de- 
tect extremely smalt distances and may be installed 
with advantage in an optical recording and reproduc- 
ing disk device for determining the distance between 
the disk and the optical or magnetic head thereof. 

(b) Fundamenal Structure and Organization. 

Referring now to Figs. 1 7 through 22 of the draw- 
ings, a distance detector is described which nrmy be 
employed in an embodiment of the invention. The de- 
scription of the fundamental structure and organiza- 
tion under this sub-heading (b) applies to the detec- 
tore described below under sub-headings (c) through 
(e), except where it is stated otherwise or it Is appa- 
rent from the description that the fundamental struc- 
ture and organizatton do not apply to that particular 
detector. 

As shown In Fig. 17, the optical distance detector 
comprises a light-emitting diode 31 consitrtuting the 
light source, and firet and second photodetectore 
(photodiodes) 30a and 30b. According to this arrange- 
ment the light-emitting diode 31 is disposed on the 
same plane on which the photodetectore 30a and 30b 
are disposed, which plane is referred to as the detec- 
tor plane hereinafter. The second photodetector 30b, 
which lies farther away from the tight-emitting diode 
31 than the firet photodetector 30a, has a light- 
receh^ng area greater than that of the firet photode- 
tector 30a for a reason which will become dear below. 

The operation of the distance detector of Fig. 17 
is as follows. The light-emitting diode 31 is energized 
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at a constant output level. Thus, the rectanguair upper 
surfece of the diode 31. which fbms substantially a 
completety diffusive light-emitting surface, emits 
light in all directions almost In equal intensity. Let us 
suppose that a specular reflective surface of an ob- 5 
Ject. the distance between which and the detector 
plane Is to be measured, lies above and parallel to the 
detector plane. Then the light emitted from the diode 
31 Is reflected by the specular reflective surface of 
the object and received by the f iret and second pho- io 
todetectors 30a and 30b. 

Fig. 18 shows the relationship between the pos- 
ition on the line j<j in Fig. 17 and the intensity of light 
incident thereon. Namely, along the abscissas of Fig. 
1 8 (a) and (b) is plotted the distance D from the center is 
of the light-emitting surface of the diode 31 along the 
line J-J In Fig. 17, which distance D Is shown In align- 
ment therewith at the bottom row (c) of the same fig- 
ure; along the ordinates of Fig. 18 (a) and (b) is plotted 
the Intensity of light which is incident on a point on the 20 
line j-j at distance D from the center of the diode 31 . 
Fig. 18 (a) shows the relationship in a case where the 
distance F between the surface of the object and the 
detector plane is relatively small. On the other hand, 
Fig. 1 8 (b) shows the relationship in a case where the 26 
distance F is relatively great As shown In Fig. 18 (a), 
when the distance F is small, the intensity of incident 
light has a marked peak at the center of the light- 
emitting diode 31 and falls off rapidly as the distance 
F Increases. On the other hand, when the distance F 30 
Is great, the peak of the incident light at the center of 
the dtode 31 becomes less marked, the distrf button of 
the intensity of incident light spreading over the dis- 
tance D with a slow decreasing rate. 

Fig. 18 shows only two representative cases (a) 35 
and (b). However, it will be apparent from the figure 
that as the distance F becomes smaller, the distribu- 
tion of the intensity of light becomes more and more 
concentrated at the center (i.e. the point where dis- 
tance D is equal to zero) and the height of the peak 40 
becomes increasingly higher. 

Thus, if the Intensity of light incident on a fixed 
point at a constant distance D from the center of the 
dtode 31 is observed, it will first increase and the de- 
crease as the distance F increases. Namely, the re- 45 
lationship between the distance F and the Intensity of 
light on a fbced point has the form similar to that 
shown in Fig. 17, in which the measured distance plot- 
ted along the abscissa corresponds to the distance F. 
The Intensity of light incident on a fbced point Increas- 60 
es as the distance F Increases until it reaches a peak 
or maximum; thereafter it decreases as the distance 
F increases. The relation between the distance F and 
the intensity of incident tight, however, is different 
from one point to another. Namely, as the distance D 55 
becomes greater, the peak of the intensity of light is 
reached at an Increasingly larger value of the distance 
F and the height of the peak becomes lower. 



Fig. 1 9 shows the relation between the above dis- 
tance F (plotted along the ordinate) and the intensity 
of light (plotted along the ordinate) incident on the up- 
per surfiace of the photodetectors 30a and 30b, 
wherein the curves PD1 and PD2 show the intensities 
of light Incident on photodetectore 30a and 30b, re- 
spectively. Since the first photodetector 30a is situat- 
ed nearer to the light source (i.e. the light-emitting di- 
ode 31 ), the intensity of light incident on it has a peak 
when the distance F is relatively small, and falls off 
thereafter as the distance F Increases, as shown by 
the curve PD1 . The second photodetector 30b, on the 
other hand, is situated farther away from the light 
source; thus, the intensity of light incident on it has a 
lower peak whtoh is reached when the distance F is 
relatively great, as shown by the curve PD2. The 
parametere of the distance detector of Fig. 17, such 
as the separations g^ and g2 between the diode 31 
and the photodetector 30a and between the photode- 
tectore 30a and 30b, respectively, or the widths Wi 
and W2 of the photodetectore 30a and 30b, are select- 
ed in such a way that the variation range of the dis- 
tance F to be measured by the distance detector lies 
between the peaks of the incident light intensity 
curves PD1 and PD2, as shown by a double-headed 
arrow In Fig. 19. Thus, within the measured distance 
range, the intensity of light incident on the f iret detec- 
tor 30a decreases as the distance F Increases, while 
the Intensity of light Incident on the second detector 
30b increases as the distance F increases. It Is a fea- 
ture of this arrangement that the geometric parame- 
ters of the first and second photodetectore are select- 
ed in such a manner that the variation range of the 
measured distance F is contained in an interval be- 
tween the peaks of the intensity of light incMent on 
the f iret and second photodetectore 30a and 30b. 

Fig. 20 shows the relationship between the 
above distance F and the output levels of the photo- 
detectors 30a and 30b within the variation range of 
the measured distance F. Since the light-receiving 
surface of the second photodetector 30b has an area 
greater than that of the f iret photodetector 30a to com- 
pensate for the decline of the intensity of incident 
light, the level of the output PD2 of the second pho- 
todetector 30b is substantially the same as that of the 
output PD1 of the firet photodetector The output PD1 
of the firet photodetector 30a nearer to the light 
source decreases substantially linearly (i.e. monoto- 
nously) in the variation range of the measured dis- 
tance F, while the output PD2 of the second photode- 
tector 30b farther away from the light source increas- 
es substantially linearly in the variation range of the 
measured distance F. 

The distance F between the surface of the object 
and the detector plane is determined from the normal- 
ized differential output of the firet and second photo- 
detectore 30a and 30b, as described in the following. 
Namely, by means of an electric circuit schematicaly 
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shown in Fig. 21 , the dif ference x and the sum y of the 
outputs PD1 and PD2 of the first and second photo- 
detectors 30a and 30b are computed: 
X = PD1 - PD2, 

y = PD1 + PD2, 5 
Then, the differential output x of the two photodetec- 
tors 30a and 30b Is normalized by taking the ratio of 
it with regard to y: 

x/y = (PD1 - PD2)/(PD1 + PD2). 
As noted above, the output PD1 decreases nrwnoto- to 
nously as the distance F Increases In the variation 
range of the measured distance, while the output PD2 
increases monotonously as the distance F increases 
in the same range. Thus, the value of the differential 
output X decreases substantially linearly as the die- 15 
tance F Increases. Further, this differential output x Is 
normalized with respect to the sum y of the two out- 
puts PD1 and PD2 by taking the ratio x/y. Thanks to 
the normalization with respect to the sum y of the two 
outputs PD1 and PD2, the level of this normalized dif- 20 
ferential output x/y of the two photodetectors 30a and 
30b is not affected by the variation In the reflectance 
of the specular surface of the object at which the light 
emitted from the diode 31 is reflected. Thus, the dis- 
tance F can be determined by utilizing the rslation be- 25 
tween the distance F and the normalized differential 
output that Is shown in Fig. 22. 

The normalized differential output x/y becomes 
equal to zero. i.e. has a zero crossing point N as 
shown In Fig. 22, when the outputs PD1 and PD2 of 30 
the first and second photodetectors become equal, if 
the distance of F at the zero-crossing point N in Fig. 
22 is equal to the target distance of F, then the nor- 
malized differential output x/y itself may be used as 
the error signal of the distance F with respect to the 35 
target distance. Thus, it Is preferred that the parame- 
ters of the diode 31 and photodetectors 30a and 30b. 
such as the separations g^ and Q2 and the dimensions 
of photodetectors 30a and 30b wi. If W2, and I2. 
shown in Fig. 17, are selected In such a way diat the 40 
distance of F at the above zero crossing point N be- 
comes equal to the target distance of F. Since the nor- 
malized differential output x/y has a zero crossing 
point where the outputs PD1 and PD2 become equal, 
the zero crossing point N can be set substantially ar- 45 
bitrarliy at any desired position by varying the above 
parameters of the diode 31 and the photodetectors 
30a and 30b. For example, if the separation g2 be- 
tween the two photodetectors 30a and 30b is made 
smaller, the peak of the Intensity of light incident on so 
the second photodetector 30b, i.e. the peak of the 
curve PD2 and Fig. 19, moves toward left In the fig- 
ure; hence, the output of the second photodetector 
30b. shown by the curve PD2 In Fig. 20, increases 
more rapidly in the rsgion in which the distance F is 55 
small. Thus, the zero crossing distance becomes 
smaller, i.e. the position of the zero crossing point N 
is moved toward left in Fig. 22. Conversely, If the sep- 



aration gz is made greater, the zero crossing distance 
of F becomes greater. 

Of course, the position of the zero crossing point 
N, l.e. the zero crossing distance of F, can as well be 
changed by varying the ratio of the areas of the light- 
recehdng surfaces of the two photodetectors 30a and 
30b. It Is noted in this connection that If the ratio of the 
two areas is equal to unity, i.e., if the two areas are 
equal to each other, the amount of light incident on the 
first photodetector 30a is always greater than that in- 
cident on the second photodetector 30b; as a result, 
the zero crossing point N is renwved to infinity. On the 
other hand, when the area of the second photodetec- 
tor 30b increases and the ratio of the area of the sec- 
ond photodetector 30b to that of the first photodetec- 
tor 30a increases above unity, the zero crossing dis- 
tance becomes smaller. Thus, In order to make the 
zero crossing distance equal to the target distance, it 
is necessary to select the ratio of the areas of the sec- 
ond photodetector 30b to the first 30a at a value great- 
er than unity, i.e, to make the area of the second pho- 
todetector 30b greater than that of the first 30a. 

(c) Concentric Geometry of the Photodetectors. 

Fig. 23 shows another optical distance detector 
which is fundametally similar to the above detector 
shown in Fig. 17 but in which the geometry of the pho- 
todectors is adapted to the radially symmetric distrib- 
utton of the light emitted from the light-emitting diode. 
Namely, the distributton of the light emitted from the 
light-emitting diode 31 is substantially rotationally 
symmetric with respect to the axis of the light-emitting 
dk>de 31 which pass through the center of the diode 
31 at right angles with the surface thereof. Thus, for 
the purpose of enhancing the accuracy of measure- 
ment, the most efficient geometry of the light- 
receiving surfaces of the first and second photode- 
tectors is that in which annular surfaces of the photo- 
detectors are disposed around the light-emitting di- 
ode 31 in concentric reiattonship: In such geometry, 
the concentric annular surfaces of the two photode- 
tectors receive the reflected I ig ht at locations at which 
the intensity of incident light is substantially equal and 
uniform (i.e. take a single value). 

Thus, the first and second photodetectors 30a 
and 30b of the embodiment shown in Fig. 23 have 
substantially the forms of annuli concentric with the 
disk-shaped light-emitting diode 31 disposed at the 
central portkin thereof. Across the light-emitting di- 
ode 31 are attached a pair of electrodes 34b and 34c 
which extends through the cut-out portions formed In 
the annular photodetectors 30a and 30b. An elec- 
trode 34a attached to the first photodetector 30a ex- 
tends through the cut-out portion of the annular sec- 
ond photodetector 30b. to whteh an electrode 34d is 
attached. Thus, the cut-out porttons of the annular 
photodetectors 30a and 30b of this embodiment 
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serve for the purpose of leading out the electrodes 
34a through 34d. 

Fig.24 shows still another photodetector having a 
fundamentally ooncentric geometry of the light- 
emitting diode and the two photodetectors. The first s 
photodetector 30a has the form of a segment of a disk 
the center of which oonincides with that of the light- 
emitting diode 31. the segment being cut off by a 
chord opposing a side of the rectangular light- 
emitting diode 31 . The second photodetector 30b has io 
the fbnm of a segment of an annutus which is concen- 
tric with the segmental disk-shaped first photodetec- 
tor 30a, the segment being cut from the annulus by a 
line obtained by producing the chord that bounds the 
segment of the f o^t photodetector 30a. Thus, the in- is 
ner and outer arcs that bound the segment of annutus 
of the second photodetector 30b are centered around 
the light-emitting dk)de 31 . The efficiency of receiving 
the reflected light is reduced in this geometry of the 
photodetectore 30a and 30b, compared with the case 20 
of Fig.23; however, inthecaseof the geometry of Fig. 
24, the light-emitting diode 31 and the photodetectore 
30a and 30b can be produced as separated chips 
which are mounted later on a substrate, which makes 
the production thereof easier. 26 

(d) Stepped Configuration of the Photodetectore 

In the case where the distance to be measured in 
small and the variation range of the measured dis- so 
tance is limited around a small distance, the areas of 
the f iret and second photodetectore, especially that of 
the f iret photodetector, must be made small, and the 
separations between the light-emitting diode and the 
f iret and second photodetectore must t>e reduced in 35 
order to attain enough precision in the measurement 
In principle, these reducttons of separattons and sur- 
face areas of optical elements can be accomplished 
in a coplanar geometry discussed above. However, 
since these optical elements must be electrically iso- 40 
lated from each other, it Is difficult to reduce the sep- 
arattons therebetween under a certain limit in the 
case of a coplanar geometry of the light-emitting di- 
ode and the photodetectore. 

Thus, Fig. 25 shows a verticaty stepped conf ig- 45 
uratton of the photodetectore which is suited to meas- 
ure a small distance; Fig. 25 (a) and (b) are a side ele- 
vational view and plan view of the light-emitting diode 
and the photodetectore, respectively. According to 
this embodiment, the photodetector chip 39 carrying so 
the f iret and second photodetectore 30a and 30b on 
the upper surfece thereof is mounted on a printed cir- 
cuit board or substrate 35 via an electrically conduc- 
tive plate-shaped spacer 37. The first light-emitting 
dk>de 31 Is mounted directly on the 8ut>strate 35. As ss 
shown In Fig. 26, the circuit board 35 carries thereon 
a printed circuit comprising the following pattern of 
electrical interconnections: a pair of leads 35a and 



35b to be coupled to the lower and upper (light- 
emitting) surface of the light-emitting diode 31, re- 
spectively; a lead 35c having an enlarged rectangular 
end portion that is to be coupled to the lower surface 
of the photodetector chip 39 which constitutes the 
cathode of the photodetectore 30a and 30b; and a pair 
of leads 35d and 35e to be coupled to the anodes (i.e. 
upper surfaces) of the photodetectore 30a and 30b, 
respectively. On the other hand, the photodetector 
chip 39 comprises on the upper surface thereof bond- 
ing pads 39a and 39b coupled to the anodes of the 
f iret and second photodetectore 30a and 30b, respec- 
tively. As shown In Fig. 25 (b), the following paire are 
electrically coupled to each other by a bonding wire: 
the upper or light-emitting surface of the diode 31 is 
coupled to the lead 35b by the bonding wire 35f; the 
bonding pad 39a for the anode of the f Iret photodetec- 
tor 30a is coupled to the lead 35d by a bonding wire 
35g; and the bonding pad 39b for the anode of the 
second photodetector 30b is coupled to the lead 35e 
by a bonding wire 35h. Other electrical connections 
are made by means of an electrically conductive ad- 
hesive material: the connection between the lower 
surface of the diode 31 and the lead 35a; the connec- 
tion between the photodetector chip 39 and the elec- 
trically conductive spacer 37; and the connection be- 
tween the spacer 37 and the lead 35c. 

In the above structure, the thickness of the plate- 
shaped spacer 37 is selected at a dimensk>n greater 
than the thickness of the light-emitting diode 31; fur- 
ther, the side of the rectangular spacer 37 opposing 
the light-emitting diode 31 recedes from the side of 
the chip 39 thereabove which likewise opposes the 
diode 31; as a result, the separation between the op- 
posing side surfaces of the spacer 37 and the diode 
31 can be made as great as is desirable, as is appa- 
rent from Fig. 25 (a). Thus, even if there is some ex- 
trusion of electrically conductive adhesive material in 
the assembling process, there is no danger of an oc- 
curence of short circuit between the leads 35c for the 
cathode of the photodetectore and the lead 35a for 
the lower surfece of the dk>de 31. Further, between 
the light-emitting surface of the diode 31 and the light 
receiving surfaces of the photodetector chip 19 is 
formed a vertical drop in the directton of the optical 
axis thereof. I.e., In the directton perpendicular to the 
surfece of the diode 31 or photodetectore 30a and 
30b. Since the thickness of the spacer 37 Is greater 
than the thickness of the diode 31. the vertial drop is 
greater than the thickness of the photodetector chip 
19. 

The method of operation of the photodetector 
configuration shown in Figs. 25 and 26 Is as follows: 
As shown In Fig. 27, the light emitted from the diode 
31 Is reflected by the opposing specular surface of an 
object 27 and the reflected light Is received by the 
photodetectore 30a and 30b. Since the spacer 37 has 
a thickness greater than that of the diode 31 (i.e. the 
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vertical drop of the light-emitting surface with respect 
to the llght*receiving surfaces of the photodetectors 
is greater than the thickness of the light-emitting di- 
ode 31), the separation t>etween the light-emitting di- 
ode 31 and the photodetector chip 39 can be made as 5 
small as is desired, without incurring the danger of 
short circuit between the leads 35a and 35c or be- 
tween the spacer 37 and the lead 35a. Thus, the light- 
emitting surface of the diode 31 and the light- 
receiving surfece of the photodetector chip 39 (espe- io 
cially the light-receiving surface of the photodetector 
30a) can be made sufficiently near to each other, in 
their horizontal positions. If necessary, the projec- 
tions of the light-emitting and light-receiving surfaces 
to a horizontal plane (the projections being made on 16 
a horizontal plane in a direction parallel to their optical 
axes that are perpendicular to the light-emitting or 
light-receiving surface thereof) may partially overlap 
each other. As a result the distance detector accord- 
ing to this arrangement is capable of measuring ex- 20 
tremely sn^ll distances with accuracy. 

Fig. 28 shows an arrangement wherein an optical 
distance detector whose structure is substantially 
Identical to that of Figs. 25 through 27 is installed in 
an magneto-optical disk device for the purpose of 2S 
controlling the distance between its magnetic head 8 
and the optical disk 1 . Fig. 28 (a) shows the plan view 
of the magnetic head 8 and the optical distance de- 
tector. The optical distance detector includes a sub- 
strate 35 carrying the printed circuit comprising the 30 
leads 35a through 35e coupled to the electrodes of 
the light-emitting diode 31 and the photodetectors 
30a and 30b thereon. Fig. 28 (b) shows a vertiai cross 
section thereof along line k-k in Fig. 28 (a). As shown 
in Fig. 28 (b), the magnetic head 8 and the distance 35 
detector on the substrate 35 are mounted on a sup- 
port member 38 which constitute an actuator for ad- 
justing the separation g between the magnetic head 
8 and the optical diskl. 

The operation of the assembly shown in Fig. 28 40 
is as follows. The actuator constituted by the member 
28 Is driven in response to the distance F between the 
light-receiving surface of the photodetector chip 39 
and the optical disk 1. Thus, as discussed above, it is 
preferred that the geometric parameters of the diode 4S 
31 and the photodetectors 30a and 30b (such as the 
separations therebetween and the areas of the two 
photodetectors 30a and 30b) are selected in such a 
way that the following condition is satisfied. Namely, 
when the separation g Is equal to the target value so 
thereof, the normalized differentia! output x/y of the 
first and second photodetectors 30a and 30b vanish- 
es. In this manner, the normalized differential output 
x/y can be used as the error signal in the control of the 
separation g to the target value thereof. 55 

By the way, the reason that the separation g be- 
tween the magnetic head 8 and the disk 1 must be 
controlled by means of an actuator in an magneto- 



optical disk device is as follows. Convnonly, a sepa- 
ration of a few micrometers is formed by means of an 
air cushion formed between the magnetic head and 
the magnetic recording medium of a nnagnetic record- 
ing and reproducing device. However, the strong 
point of the magneto-optical disk device is its Intmun- 
Ity to dust; thus, if this advantage of the magneto-opt- 
ical disk device is to be preserved, the separation be- 
tween the magnetic head and the disk must be con- 
trolled within a range of from a few tens of microme- 
ters to a few hundreds of micrometers. Thus, in the 
case of magneto-optical disk device, the air floating 
method is of no avail. Consequently, it is necessary 
to detect the separation between the magnetic head 
and the disk by a distance detector and control It In 
response to the output to the distance detector. Fur- 
ther, the distance detector must be smail-sbied and 
light-weighted to be used with an magneto-optical 
disk recording and reproducing device. The optical 
distance dectectors according to the above arrange- 
ments satisfy these requirements. 

(e) Stepped Concentric Configurations of the 
Photodetectors 

As discussed above in connection with the con- 
figuration of Fig. 23, the radiation distribution of the 
light emitted from the light-emitting diode is substan- 
tially radially symmetric. i.e. rotationally symmetric 
with respect to the central axis of the llght-emlting di- 
ode; hence, concentric configuration of the first and 
second photodetectors centered around the light- 
emitting diode is most efficient and accurate in deter- 
mining the distance from the amounts of light incident 
thereon. However, various technical difficulties ac- 
companies such configuration of the photodetectors 
mounted on the same chip or substrate on which the 
light-emitting diode is mounted. The difficulties be- 
come greater if the separations between the optical 
elements or areas of the photodetectors are to be 
made snrtailer for the purpose of determining small 
distances with enough precision. Thus. In the follow- 
ing, let us describe arrangements having stepped 
concentric configuration, whereby the electrical con- 
nections can be made easily and measurement of 
small distance can be made accurately and efficient- 
ly. 

Fig. 29 shows a first arrangement of the stepped 
concentric configuration of the photodetectors, 
wherein Fig. 29 (a) shows a plan view of the config- 
uration while Fig. 29 (b) shows a vertical section 
thereof along line 1-1 In Fig. 29 (a). Annular first and 
second photodetectors 30a and 30b are carried on a 
disk-shaped photodetector chip 39 having a central 
cbicular through hole 39c extending vertteally there- 
through. The disk-shaped photodetector chip 39 is 
mounted on the upper surface of an electrically insu- 
lating rectangular spacer member 40 having a circular 
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through hole 40d extending vertically therethrough in 
registry with the through hole 39c of the photodeteo- 
tor chip 39c. The diameter of the through hole 40d of 
the spacer 40 is greater than that of the through hole 
39c of the photodetector chip 39. A rectangular light- s 
emitting diode 31 is mounted at the upper light- 
emitting surface thereof to the lower surface of the 
spacer 40, in registry with its through hole 40d; since 
the rectangular diode 31 has sides longer than the di- 
ameter of the through hole 40d of the spacer 40, the io 
through hole 40d is closed from below by the upper 
surface of the light-emitting diode 31. 

Electrical connections to and from the diode 31 
and the photodetectors 30a and 30b are effected as 
follows. The spacer 40 has a printed circuit on both is 
the upper and lower surfaces for making electrical in- 
terconnections. Namely, as shown in Fig. 30 (a), on 
the upper surface of the spacer 40 is carried a printed 
circuit which includes the following electrical connec- 
tions: an electrode or lead 40c having a disk-shaped 20 
end portton with a central hole in registry with the 
through hole 40d of the spacer, which electrode 40c 
is to be coupled electrically, via an electrically con- 
ductive adhesive agent, to the cathode of the photo- 
detectos 30a and 30b formed on the lower surface of 25 
the disk-shaped photodetector chip 39; and a pair of 
leads 40a and 40b to be electrically coupled to the 
anodes on the upper surfaces of the first and second 
photodetectors 30a and 30b, respectively, via bond- 
ing wires 41a and 41b, respectively. Further, as 30 
shown in Fig. 30 (b), on the lower surface of the 
spacer 40 Is carried a printed circuit which Includes 
the following electrical connecttons: a lead 40g hav- 
ing a rectangular end portion with a central hole in 
registry with the through hole 40d of the spacer 40. 3$ 
which lead 40g is to be coupled electrically to the up- 
per or light-emitting surface of the dk>de 31 via an 
electrically conductive adhesive; and a lead 40f which 
is to be electrically coupled to the lower surface of the 
light-emitting diode 31 via a bonding wire 41c, as 40 
shown in Fig. 31. 

Figs. 32 and 33 show the assembly of Fig. 29 in 
operation: the light emitted from the diode 31 radiates 
through the through holes 40d and 39c of the spacer 
40 and the photodetector chip 39 to be reflected by 4S 
the lower surface of the object, i.e. an optical disk 1; 
the reflected by the disk 1 is received by the first and 
second photodetectors 30a and 30b. which are con- 
centric with the light-emitting diode 31. Fig. 32 (a) 
shows a vertical section along a diameter of the disk- so 
shaped photodetector chip 39; the view corresponds 
to the case where the distance between the disk 1 
and the detector surfece (i.e. the upper hand. Fig. 33 
(a) shows the same section in the case where the dis- 
tance is great Figs. 32 (b) and 33 (b) show. In the cas- 55 
es of small and great measured distance F, respec- 
tively, the relation between the distance D (taken 
along the abscissa) from the center of the concentric 



photodetectors and the Intensity of light (taken along 
the ordinate) inckient on a point on the detector sur- 
face which is separated from its center by a distance 
D. Since the distribution of the intensity of light inci- 
dent on the detector surface is rotationally symmetric 
with respect to the center of the photodetector chip 
39, the Intensities of light incident on the concentric 
annular light-receiving surfaces of the photodetectors 
30a and 30b are substantially uniform over the whole 
area thereof. Thus, the configuration of the photode- 
tectors according to this embodiment realises accu- 
rate and efficient measurement of the distance F be- 
tween the surface of the chip 39 and the disk 1. Fur- 
ther, the light-emitting surface of the diode 31 and the 
light-receiving surface of the first photodetector 30a 
can be made horizontally (i.e. radially) so dose to 
each other, that the projections of these light-emitting 
and light receiving surfaces to a horizontal plane 
along the direction of the optical axis are overlapped 
upon each other; thus, the measurement of extremely 
small distances is made possible. 

Referring now to Fig. 34 of the drawings, let us 
describe a second arrangement having a stepped 
concentric configuration of photodetectors in which 
the efficiency In fbrming the electrical connections is 
improved. Fig. 34 (a) and (b) are a plan view and a 
vertical sectional view thereof, respectively. Fig. 34 
(b) showing a section along the line nrvm in Fig. 34 (a). 

Arectangular photodetector chip 39 having a cen- 
tral through hole 39c carries on its upper surface an- 
nular first and second photodetectors 30a and 30b 
which are concentric with the central hole 39c. The 
second photodetector 30b has a radially extending 
cut-out portion through which the lead 39a coupled to 
the anode of the first photodetector 30a extends. The 
lower surface of the rectangular photodetector chip 
39 which constitute the cathode of the photodetectors 
30a and 30b is mounted on a printed circuit board or 
substrate 35 via an electrically conductive spacer 
member 43. As shown In Fig. 35, the spacer 43 has 
horizontally the form of U, the open end of which Is di- 
rected downward in the figure. On the other hand, as 
shown in Fig. 36, the substrate 35 carries on its upper 
surface the following pattern of a printed circuit a 
connection or lead 35c having a U-shaped end por- 
tion on which the spacer 43 is mounted via an elec- 
trically conductive adhesive; leads 35a and 35b cou- 
pled to the lower and the upper surface of the light- 
emitting diode 31. respectively, via an electrically 
conductive adhesive and a bonding wire 35f, respec- 
tively; and leads 35d and 35e to be coupled to the 
anode of the first and second photodetectors 30a and 
30b, respectively, via bonding wires 35g and 35h, re- 
spectlveiy. The light-emitting dtode 31 is mounted on 
the end portion of the lead 35a on the substrate 35, 
to be horizontally in registry with the central hole 39c 
of the photodetector chip 39. The connection be- 
tween the cathode (lower surfece) of the chip 39 and 
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the spacer 43 is effected by an electrically conductive 
adhesive. By the way» the spacer 43 Is thick enough 
to allow the fc>onding wire 35f to be coupled to upper 
surface of the didoe 31 without making contact with 
the tower surface of the photodetector chip 39. 5 

The operation of the assembly of Fig. 34 Is as fol- 
lows. The light emitted from the diode 31 is radiated 
upward through the through hole 39c to be reflected 
by a specular surface of an object. Thus, its operation 
is substantially indentlcai to that of the first embodi- io 
ment (shown in Fig. 29) having the stepped concen- 
tric photodetector configuration. However, In the case 
of this second arrangement the electrical connections 
are made by means of a printed circuit formed on a 
single surface of the substrate 35. Thus, the time and is 
labor required in forming the pattern of printed circuit 
on the substrate 35 and in mounting the electrical 
components thereon are reduced. 

Referring now to Figs. 37 and 38 of the drawings, 
a third arrangement having a stepped concentrte con- 20 
figuratton of photodetectore is described. Fig. 37 
shows a vertical sectton thereof, while Fig. 38 is an 
exploded perspective view thereof. 

A rectangular plate-shaped photodetector chip 39 
carries on Its upper surface annular f iret and second 25 
photodetectore 30a and 30b which are concentric 
with the central through hole 39c of the chip 39. The 
photodetector chip 39 is mounted on a substrate 35 
via an electrically conductive spacer 45. The rectan- 
gular plate-shaped spacer 45 has a U-shaped notch 30 
45a having a large enough dimension to receive a rec- 
tangular plate-shaped light-emitting diode 31 hori- 
zontally therein without contact. On the upper surface 
of the substrate 35 Is formed a pattern of printed cir- 
cuit comprising leads 35J and 35k. The light-emitting 35 
dk)de 31 Is nrtounted on the end portion of the lead 35j 
via an electrically conductive adhesive nrmteriai. The 
spacer 45 is mounted, via an electrically conductive 
adhesive material on the end portion of the lead 35k 
having a form corresponding thereto. The lower sur- 40 
face of the photodetector chip 39 oonsltuting its cath- 
ode is connected via an electrically conductive adhe- 
sive material to the upper surface of the spacer 45 
and the upper surface of the light-emitting diode 31. 

Thus, in the case of this arrangement the cathode 45 
of the photodetector chip 39 and the light-emitting 
surface of the diode 31 are electrically coupled to 
each other. Thus, the circuit for driving them must be 
organized with a special care. Fig. 39 shows an exam- 
ple of the drive circuit for the light-emitting dkxJe 31 so 
and the photodetectors (photodk)des) 30a and 30b. 
The diode 31 is coupled across a battery 54 via a re- 
sistor 55. On the other hand, the photodetectors 30a 
and 30b, whose cathodes are coupled to the positive 
terminal of the battery 54, are coupled at their anodes 55 
to the Inverting input of the amplif iere 56a and 56b, 
respectively. The output PD1 and PD2 of the amplif i- 
ere 56a and 56b, which constitute the output of the 
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photodetectore 30a and 30b, respectively, are fed 
back to the inverting input of the ampliflere 56a and 
56b, respectively, by negative feedback resistors 57a 
and 57b, respecth^ely. The non-Inverting Inputs of the 
amplifiere 56a and 56b are grounded. 

When the light emitted from the diode 31 radiates 
on the reverse-biased photodiodes 30a and 30b, a re- 
verse current proportional to the amount of Incident 
light flows through each one of the photodiodes 30a 
and 30b. Thus, the outputs PD1 and PD2 corre- 
sponds to the amount of light incident on the photo- 
dk)des 30a and 30b, respectively. 

Bimorph Type Actuatore 

(a) Typical Structures and their Disadvantages. 

in the optical disk recording and reproducing de- 
vk:e described above, a bimorph type actuator is 
used to control the distance between the magnetic 
head and the recording surface of the magnetic disk. 
Fig. 40 show a typical structure of the bimorph type 
actuator which is used for driving the object lens of the 
optical head. Thus, a bimorph type actuator 61 , which 
consists of a pair of parallel plate-shaped bimorph 
elements 61 a and 61 b, is fixed at one end thereof to 
a support member 60, and, at another end thereof, 
coupled to an object lens holder 3c on which the ob- 
jective lens 3a of the optical head Is mounted. As 
shown in Fig. 41, each bimorph plate 61a or 61b con- 
sists of a pair of piezoelectric plate-shaped elements 
62a and 62b and an elastic shim 63 held therebetw- 
een. The shim 63 is made of a metal such as copper 
and also functions as an electrode for the piezoelec- 
tric plates 62a and 62b. Leads 67 and 69 are coupled 
to the upper surface of the piezoelectric plates 62a 
and 62b, respectively; lead 68 is coupled to the elec- 
trically conductive shim 63. Thus, the piezoelectric 
plates 62a and 62b are polarized in the direction of 
their thickness when a driving voltage is applied 
thereacross via the electrodes 67 through 69. The 
parallel structure of the two bimorph plates 61a and 
61b of the actuator 61 is aimed at minimizing the 
slanting of the lens 3a from the horizontal direction. 

The operation of the bimorph type actuator 61 of 
Fig. 40 Is as follows. When a voltage is applied across 
the piezoelectric plates 62a and 62b of each one of 
the bimorph plates 61a and 61b of the bimorph type 
actuator 61 via the leads 67 through 69 in such a way 
that the electrodes 67 and 69 have the same polarity 
while the electrode 68 has the opposite polarity, one 
of the piezoelectric plates 62a and 62b expands and 
the other contracts; for example, the upper plate 62a 
expands and the lower plate 62b contracts, as shown 
by horizontal arrows In Fig. 41. However, the elastic 
shim 63, to which the opposing surfaces of the pie- 
zoelectric plates 62a and 62b are fixedly secured, 
does not change its length; thus, the binmrph plates 
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81a and 61b are bent downward in the direction B1 as 
shown in Fig. 42. Conversely, when the polaritiy of the 
applied voltage is reversed, the upper piezoelectric 
plate 62a contracts and the lower plate 62b expands; 
as a result the bimorph plates 81a and 81b, and s 
hence the whole actuator 61 , are deflected In the up- 
ward direction. The focusing error of the objective 
lens 3a is detected by an optical distance detector, for 
example, and the voltage applied to the bimorph 
plates 61 a and 61 b are controlled In accordance with to 
the detected focusing error. Thus, the holder 3c and 
the object lens 3a mounted thereon are driven in the 
vertical direction B perpendicular to the recording 
surface of the optical disk in response to the detected 
focusing error, and the distance between the lens 3a is 
and the recording surface of the optical disk is adjust- 
ed in such a manner that the focusing error is reduced 
to zero. 

The bimorph type actuator of Fig. 40 as descri- 
bed above, however, has the following disadvantag- 20 
es. As shown in Fig 42, the gain (taken along the or- 
dinate) of the actuator, i.e., the amount of vertical de- 
flection or displacement thereof In relation to the vol- 
tage applied thereacross, has high peaks, with regard 
to the frequency f (taken along the abscissa) of the 25 
voltage applied to the actuator, at relatively low sec- 
ond, third, and fourth resonance frequencies f2, fa, 
and U, In addition to the f iret or lowest resonance fre- 
quency fi. Thus, if the frequency of the voltage ap- 
plied across the blmwrph plates 61 a and 61 b of the ao- 30 
tuator 61 comes into the range where the higher res- 
onance frequencies f2, fa, etc. lie, the anfK>unt of de- 
flection of the actuator, or the amplitude of oscillation 
thereof becomes abruptly great at these higher reso- 
nance frequencies. As a result, the frequency range 35 
of the actuator 61 must be limited within a region 
which lies below and outside of the higher resonance 
frequencies. Further, the structure in which the bi- 
morph plates 81a and 61b run parallel to each other 
makes the assembling process a time and labor con- 40 
suming process. Further, the same structure limits 
the amount of vertical displacement of the lens 3a 
which can be achieved by the def lectk>n of the actua- 
tor 61. 

On the other hand, Fig. 43 shows a typical struc- 4S 
ture of a bimorph type actuator for driving the mag- 
netic head 8 of an optical disk recording and repro- 
ducing device. The actuator of Fig. 43 is similar to that 
described above in connection with an embodiment of 
an optical disk recording and reproducing device hav- so 
ing a bimorph type actuator for driving its magnetic 
head. Namely, the actuator 9 of Fig. 43 comprises a 
pair of piezoelectric plate-shaped elements 9a and 9b 
provided with electrodes on their surfaces, and an 
electrically conductive plate 9c f bcedly held there- 55 
between. A pair of supporting plates 6a f bcedly sup- 
ports therebetween the oscillation center of the bi- 
morph type actuator 9 from the upper and lower sides 



thereof. The magnetic head 8 is mounted to the free 
end of the actuator 9 to oppose the recording surface 
of the optical disk 1. 

As described above in reference to Figs. 7 
through 9, etc., the distance between the magnetic 
head 8 and the surfece of the disk 1 is detected by a 
distance detector (not shown) from which a distance 
signal Z is supplied to the driver circuit 96 which drives 
the actuator 9. The driver circuit 96 outputs a voltage 
V In response to the distance signal Z to a terminal 95 
coupled to the electrode at the upper surfoce of the 
upper piezoelectric plate 9a and to the electrode at 
the lower surface of the lower piezoelectric plate 9b. 
The terminal 94 coupled to the electrically conductive 
plate 9c is grounded. Thus, a voltage V outputted 
from the driver circuit 96 which corresponds to the 
distance error between the magnetic head 8 and the 
recording surfoce of the disk 1 is applied across the 
piezoelectric plates 9a and 9b of the actuator 9. In re- 
sponse thereto, the actuator 9 is deflected in the dh 
rection B perpendicularto the recording surface of the 
disk 1 to maintain the distance between the head 8 
and the disk 1 at a predetermined constant magni- 
tude. Since the structure and operation of optical disk 
recording and reproducing device have already been 
described, further description of the device Is 
deemed unnecessary. 

The distance signal Z varies at various frequen- 
cies; thus, the voltage V corresponding thereto 
comes to be an A.C. voltage having the same fre- 
quency as the distance signal Z; the actuator 9 Is ap- 
plied with this voltage V outputted from the driver cir- 
cuit 96. Thus, the actuator of Fig. 43 has the same 
kind of disadvantage as the actuator of Fig. 40 with 
respect to the frequency characteristics of its gain 
(i.e. the amount of displacement or deflection of the 
actuator In relatton to the voltage applied therea- 
cross). Fig. 44 shows an example of the relation be- 
tween the frequency f (taken along the abscissa) and 
the gain or amount of displacement of the actuator 
(taken along the ordinate), which relation is deter- 
mined primarily by the dimension and mechanical 
properties of the actuator. As shown in the figure, the 
amount of displacement has high peaks at relatively 
low second and third resonance frequencies f2 and fs, 
besides the firet or lowest resonance frequency f^. 
Thus, if the frequency of the voltage applied across 
the actuator 9 comes into the range where the higher 
resonance frequencies fa, U Us, the amount of deflec- 
tion of the actuator, or the amplitude of oscillation 
thereof, becomes undesirably great at these higher 
resonance frequencies. As a result, the frequency 
range of the actuator 9 must be limited within a region 
which lies below and outside of the higher resonance 
frequencies fa and fs which are relatively low. 

The above problems of the actuatore of Figs. 40 
and 43 are soh^ed according to the principle of this in- 
vention in two ways: f b^t, by a special geometry of 
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the bimorph type actuator itself; and second, by pro- 
viding a circuit for supressing the higher order reso- 
nance frequency components. In the following, em- 
bodiments of the bimorph type actuator which solve 
the above problems according to these two methods 5 
are described under each sub-headings. 

(b) Actuators having a Shim of Special Geometry. 

Under this sub-heading, embodiments of bl- io 
morph type actuators having an elastic shim member 
with a special geometry that is effective for suppress- 
ing vibrations of undesirable modes are described. In 
these embodiments, the width of the shim is varied in 
the longitudinal direction of the plate-shaped actua- is 
tors according to the function which represents the 
form of a beam vibrating in a normal free lateral vibra- 
tion mode, as explained in detail below. 

First, referring to Figs. 45 and 46, let us describe 
a first bimorph type actuator in which the shim held 20 
between the piezoelectric plate-shaped elements 
have a special geometry for suppressing vibrations of 
h ig her modes oth er than the first or lowest mo6e. The 
actuator 71 comprises a pair of rectangular plate- 
shaped piezoelectric element 72 and 73, and a plate- 26 
shaped elastic shim 74 held fixedly therebetween. 
The width of the shim 74 varies with respect to the 
longitudial distance x according to a special function 
as described in detail below. The piezoelectric plates 
72 and 73 are provided at upper and lower surfaces 30 
thereof with electrodes and are thereby polarized in 
the direction of their thickness. The actuator 71 is fix- 
edly supported at one end thereof by a support mem- 
ber 60 and is coupled at the free end thereof to the 
holder 3c carrying the objective lens 3a. 35 

The width b = b(x) of the shim 74 Is related to the 
longitudinal distance x measured from the side the 
support member 60 in the following manner Let Y(x) 
be normal function of the first or lowest mode of free 
natural lateral vibration of a beam which is supported 40 
at its two ends by a fixed and roller support, respec- 
tively. Then, the form of the sides of the shim 74 Is de- 
fined in such mannerthat the width b = b(x) is inverse- 
ly proportional to this normal function Y(x): 

b(x) X 1/Y(x). 45 

The normal function Y(x) of the first or lowest 
mode of vibration may be defined as follows: The free 
natural vibration of the beam in the lateral direction 
(i.e. in a direction perpendicular to the longitudinal 
axis of the beam) may be expressed in the form: so 

y(x.t) = Y(x).sin(Q>t), 
wherein y(x,t) represents the amount of deflection 
(I.e. lateral displacement) as a function of the longi- 
tudinal distance x and the time t, and sin((Dt) it a func- 
tion of time t along, (o is the angular frequency of the 55 
vibratton.) The function Y(x) represents the form of 
the vibrating beam as a funtion of the distance x. 
When the beam is vibrating In Its lowest or first natu- 



ral free vibration mode, the function Y(x) representing 
the form of the beam in such vibration mode is refer- 
red to as the normal function of the first or lowest 
mode of vibration. As well known in the mechanics of 
vibrations of beams, the normal function Y(x) of the 
first or lowest mode of vibration of a beam which is 
supported at its two ends by a fixed and a roller sup- 
port, respectively, is given by the following equation: 
Y(x) = (cos p1 - cosh pi)(cosh px - cos px) 
•I- (sin pi * sinh pi)(sinh px - sin px), 
wherein 1 is the longitudinal length of the beam and 
the value of p1 is given by: pi = 2.365. 

In operation, a voltage corresponding to the fo- 
cusing error is applied across the piezoelectric plates 
72 and 73 of the actuator 71 ; thus, the actuator 71 is 
deflected In the direction B to reduce the fbcusing er- 
ror of the lens 3a. Since the shim 74 has the horizontal 
form as described above (i.e. Its width b is related to 
the longitudinal distance x as defined above), and, 
further, the amount of bending of a beam at a lateral 
cross section thereof is proportional to the moment of 
inertia of the cross sectional area and hence is in- 
versely proportional to its width provided that its 
thickness Is constant, the actuator 71 is deflected in 
the vibration mode of a beam supported at its two 
ends by a fixed (i.e. built-in) and a roller support As 
a result, as shown in Fig. 47, the objective lens holder 
3c is translated In the direction B without being slant- 
ed from the horizontal direction. Further, as shown in 
Fig. 48, thanks to the special geometry of the shim 
74, higher resonance peaks f2, fa, U of the gain (the 
amplitude of deflection with respect to the driving vol- 
tage), which peaks correspond to natural free vibra- 
tions of higher modes, are suppressed. Hence, the 
actuator 71 can be used in a wide frequency range 
spreading over the higher resonance frequencies. 

In the above actuator the width b = b(x) of the 
shim 74 is related to the longitudinal distance x in 
such a manner that it is inversely proportional to the 
normal function of the first vibration mode. Fig. 49 
shows a second actuator in which the the width b = 
b(x) of the shim 74 is related to the longitudinal dis- 
tance X in such a manner that it is Inversely propor- 
tional to the normal function of the second vibration 
mode. Namely, the width b = b(x) of the shim 74 of the 
actuator of Fig. 49 is gh^en by the following equation: 

b(x) oc 1/Y(x), 
wherein Y(x) is the normal function of the second 
mode of free natural lateral vibration of a beam which 
is supported at its two ends by a fixed and a roller 
support, respectively. Thus, as shown in Fig. 50, the 
peaks fi. f3, and etc. of the gain of the actuator 71 
other than the second resonance peak f2 are sup- 
pressed; as a result, the so-called resonance fre- 
quency of the system fo can be set at a higher fre- 
quency. 

According to the above-described first and sec- 
ond actuators, the width b = b(x) of the shim has been 
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set by the equation: 

b(x) oc 1/Y(x). 
wherein Y(x) is the normal function of the first or the 
second mode, respectively, of free natural iateral vi- 
bration of a beam which is supported at its two ends 
by a f bead and a roller support, respectively. However, 
Y(x) in the above equation may be the normal func- 
tion of the third or the fourth mode, or a combination 
of normal functions of two (or more) vibration modes. 
Further, the function Y(x) used in the above equation 
in defining the width b of the shim as a function of the 
longitudinal distance x may be the normal function of 
a beam which is fixedly supported at one of its ends 
but free at the other, or which is free both at its two 
ends. 

Fig. 51 shows an actuator 71 whose shim 74 has 
the same geometry as that of the first embodiment 
but which is used to drive the holder 3c carrying the 
objective lens 3a in the direction C perpendicular to 
the optical axis of the lens 3a. Thus, the actuator 71 
controlls the tracking error of the lens 3a. It will be 
easy for those skilled in the art to combine a pair of 
actuators, one for the focusing and the other for the 
tracking control, to obtain an actuator assembly for 
controlling the position of the lens 3a In the two direc- 
tions. 

Fig. 52 shows another actuator 71 whose shim 74 
has the same geometry as that of the first embodi- 
ment but which is used to drive a magnetic head chip 
8a of a magnetic tape recording and reproducing de- 
vice. Namely, a magnetic head chip 8a Is mounted to 
the lower surface of the actuator 71 . The actuator 71 
drives the magnetic head chip 8a according to a prin- 
ciple similar to the one described above; thus, the dis- 
location of the nrtagnetic head chip 8a from the track 
on the magnetic tape is adjusted by the actuator 71 , 
wherein the gain of the actuator Is substantially lev- 
eled at the higher resonance frequencies. 

Fig. 53 shows embodiment of the invention In 
which an actuator 71 whose shim 74 has the same 
geometry as that of the first actuator above is used 
to drive a magnetic head of a magneto-optical record- 
ing and reproducing device. Namely, a magnetic head 
6 is mounted to the lower surface of the actuator 71 
to oppose the magneto-optical disk 1. A distance de- 
tector (not shown) detects the distance between the 
magnetic head 8 and the disk 1 ; in response to the de- 
tected distance, the actuator 71 drives the magnetic 
head 8 according to a principle similar to the one de- 
scribed above, so that the error of the distance may 
be reduced to zero. 

By the way, a pair of piezoelectric elements 72 
and 73 are attached to both the upper and lower sur- 
faces of the shim 74 to obtain the bimorph type ac- 
tuator 71 in the case of the above emt>odiments; how- 
ever, a bimorph type actuator according to this Inven- 
tion may also be obtained by attaching a single pie- 
zoelectric element to one of the surface of the shim 
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having a geometry that is effective in suppressing the 
vibration at undesirable resonance frequencies ac- 
cording to this invention. 

The bimorph type actuators described under this 

5 sub-heading having a shim of special geometry ef- 
fective for suppressing the vibratk>n of undesirable 
modes have following advantages: f Irat, they can be 
used in a wide frequency range extending over the 
higher resonance frequencies; second, they are ca- 

10 pable of being deflected without being slanted at their 
free end, which makes them especially suited to be 
used as an actuator for driving the objective lens of 
an optical head, etc. Further, compared with the par- 
allel paired structure of Fig. 40, they are simple in 

15 structure and can be assembled nnore easily; in ad- 
dition, they allow a greater anfKHjnt of deflection or 
displacement at their free end. 

(c) Actuators with Drive Voltage Modification 
20 Circuitry 

Under this 8ut>-heading, actuators provided with 
a simple circuit which suppresses the driving voltage 
of the actuator when the vibratbn frequency of the 
25 actuator approaches undesirable resonance fre- 
quencies. 

Fig. 54 shows a f irat embodiment of such an ac- 
tuator provided with drive voltage modification circui- 
try, which embodiment is similar to the actuator de- 

30 scribed under the sub-heating (a) in reference to Fig. 
43. Thus, like reference numerals are used in both fig- 
ures and the description of the actuator of Fig. 54 here 
is limited in the main to points which are different from 
the case of the actuator of Fig. 43. 

$5 The upper piezoelectric plate-shaped element 9a 
of the bimorph type actuator 9 have a rectangular 
stepped portion or recess 9d fornied at a corner of the 
upper surface thereof at the free oscillating end of the 
actuator 9. An electric lead coupled to the bottom sur- 

40 face of the recess 9d, at which the piezoelectric crys- 
tal of the element 9a Is exposed. Is coupled to a ter- 
minal 97; the terminal 97 In its turn is coupled to the 
actuator driving circuit 96 to supply a voltage C cor- 
responding to the acceleration of the piezoelectric 

45 element 9a. 

As shown in Fig. 55, the drive circuit 96 compris- 
es, in addition to the output circuit 96b, frequency de- 
tector circuit 96a for detecting the frequency f of the 
acceleration voltage C. The output circuit 96b outputs 

50 an actuator driving voltage V corresponding to the 
distance signal Z which, as remarked before, is out- 
putted from a distance detector 99 which detects the 
distance between the magnetic head 8 and the re- 
cording surface of the disk 1; the output circuit 96b, 

55 however, modifies the level of the voltage V when the 
frequency f of the acceleration voltage C comes near 
or equal to the higher resonance frequencies (i.e. 
second and third resonance frequencies fa and fa). 

16 
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Namely, when the frequency f of the acceleration vol- 
tage C connes near to or equal to the higher resonance 
frequencies, the output circuit 96b determines the 
magnitude of the factor by which the drive voltage V 
must be reduced, if the gain of the actuator Is to be s 
leveled at the frequency f near or equal to the higher 
resonance frequencies fa and fs. In accordance with 
the determined reduction factor, the output circuit 96b 
reduces the level of the voltage V. 

Thus, the operation of the driver circuit 96 fs Men- io 
tical unless the frequency of the vibration of the ac- 
tuator 9 is outside of the neighborhoods of the higher 
resonance frequencies of the actuator 9. When, how- 
ever, the frequency f of the acceleration voltage C, 
which frequency corresponds to the frequency of vl- is 
bration of the actuator 9, comes near into the neigh- 
borhood of a higher resonance frequency, the output 
level of the voltage V determined on the basis of the 
d Istance signal Z is reduced by a factor determined on 
the basis of the frequency f. Thus, as shown In Fig. 20 
58. the gain, i.e. the amount of displacement in the di- 
rection B of the actuator with respect to the level of 
the driving voltage V, Is leveled at the higher reso- 
nance frequencies f2 and Thus, actuator according 
to this embodiment can be used in a wide frequency 25 
range extending over the higher resonance frequen- 
cies. An advantage of the actuator according to this 
embodiment is this: the piezoelectric ceramics ex- 
posed at the bottom of the recess 9d functions as a 
acceleration sensor of the actuator 9 and directly out- 30 
puts a acceleration signal voltage C; as a result, the 
frequency of the vibration of the actuator can be de- 
tected by a simple and Inexpensive circuit organiza- 
tion. 

Fig. 57 shows another embodiment of an actua- 35 
tor 100 having a recess 100d for outputting an accel- 
eration signal; the actuator 1 00 is used to su pport and 
drive the holder 3c of the objective lens 3a of a mag- 
neto-optical disk recording and reproducing device. 
Thus, for the purpose of avoiding the slanting of the 40 
lens 3a from the horizontal direction in the displace- 
ment or deflection in the vertical direction B. two 
plate-shaped parallel bimorph elements 100a and 
1 00b fixedly supported at a vibration center thereof by 
supporting members 6a are coupled at the free end 45 
thereof to the holder 3c. The recess lOOd formed on 
the upper bimorph element 100a is coupled to a drive 
circuit (not shown) as in the case of the actuator of 
Fig. 55. 

so 

Optical Disk Device with an Electromagnetic 
Actuator 

In the above, optical disk devices having a bi- 
morph type actuator have been described. Under this ss 
heading .optical disk recording and reproducing devic- 
es having an electromagnetic actuator for adjusting 
the position of its nnagnetic head are described. Since 
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the optical disk devices described under this heading 
are similar in structure and operation to the optical 
disk devices described above, except for their elec- 
tromagnetic actuatora. descriptions hereinbelow are 
limited in the nfiain to their electromagnetic actuatora. 
Electronnagnetic actuators are outside the scope of 
the present inventton. but can be used in an embod^ 
ment of the invention. 

Fig. 58 shows a skJe elevational cross section of 
a f iret optteal disk device having an electromagnetic 
actuator for driving the magnetic head. The device 
comprises an optical head 3 for radiating a light (las- 
er) beam 4 on the disk 1 via an objective lens 3a and 
a reflectk>n minror 3d. The light beam 4 is converged 
at the spot 5 on the recording surface of the disk 1, 
on which recording of information Is effected. 

Now, let us describe the structure of the electro- 
magnetic actuator according to Fig. 58, which is 
shown in an exploded perspective view in Fig. 59 
(wherein, it is noted, the parts are shown upside down 
with respect to their attitudes in Fig. 58). Firat, the \trh 
mobile portions of the actuator comprises the follow- 
ing parts: a cylindrical yoke 108 fixedly mounted at 
the upper end surface thereof to the supporting base 
member 16 of the optical disk device, the yoke 108 
having an annular recess 108a extending in its axial 
direction from the end surface thereof opposing the 
recording surface of the magneto-optical disk 1; an 
annular permanent magnet member 109 nnounted to 
the radially inwards feeing side surfece of the recess 
108a formed in the yoke 108, the annular magnet 109 
being magnetized in the radial direction to have a 
south and a north pole at its inner and outer side sur- 
face, respectively; a flat annular nrwgnetic shield 110 
made of a magnetic material, substantially closing the 
annular opening of the annular recess 108a of the 
yoke 108. 

The movable parts which are moved with the 
magnetic head 8 of the optical disk device, on the 
other hand, have the following structure. A hollow cyl- 
indrical coil bobbin 113 carrying a coil 114on the out- 
er side surface thereof is coupled, via a pair of fiat an- 
nular elastic support members 111 and 112, to the ra- 
dially inwards facing side surface of the recess 108a 
of the yoke 108. To the end of the bobbin 113 oppos- 
ing the recording surface of the disk 1 is mounted a 
substrate board 115 carrying the magnetic head 8 of 
the optical disk device. In addition to the magnetic 
head 8, the substrate board 115 carries on the sur- 
face opposing the recording surface of the optical 
disk 1. a light-emitting element 116 and a light- 
sensitive element 117 portioned into two detector 
parts, as shown in Fig. 59, which elements 116 and 
117 together constitute an optical distance detector 
for detecting the distance between the magnetic head 
8 and the recording surface of the disk 1 . 

The operation of the actuator of Figs. 58 and 59 
is as follows. When the recording is effected, the mag- 
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netic head 8 is energized to generate a biasing mag- 
netic field at the recording spot of the disk 1 which is 
heated by the light beam 4 radiated from the optical 
head 3. The error of the distance between the mag- 
netic head 8 and the recording surface of the disk 1 s 
Is detected by the optical distance detector constitut- 
ed by the elements 116 and 117. Namely, the light 
emitted from the element 116 is reflected by the disk 
1 to be received by the element 117. The distance er- 
ror can be detenmined from the differential output of lo 
the two detector parts of the light-sensitive element 
117. (For details of the operation of the optical dis- 
tance detector, reference may be made to the descrip- 
tion above concerning the optical distance detectors.) 
In response to the distance signal Z outputted from is 
the element 117, the actuator driver circuit 114a sup- 
plies a current the amount of which corresponds to 
the distance error, to the coil 114 carried on the bob- 
bin 1 1 3. Thus, by means of the electromagnetic force 
acting between the coil 114 and the permanent mag- 20 
net 109. the bobbin 113 is driven in its axial direction, 
to drive the magnetic head 8 carried on the substrate 
115 in the direction B perpendicular to the recording 
surface of the disk 1 . As a result, the error of the dis- 
tance between the disk 1 and the magnetic head 8 is 25 
reduced, and the magnetic head 8 is maintained at a 
constant distance from the recording surface of the 
disk 1. By the way, the shield 110 prevents the mag- 
netic flux from leaking to the magnetic head 8 from 
the magnetk: circuit formed by the yoke 108 and the 30 
permanent magnet 109. 

Referring now to Fig. 60, a second optical disk de- 
vice having an electromagnetic actuator is described. 
The device is identical to that shown in Figs. 58 and 

59 (wherein like reference numerals represent like 35 
parts), except for the following points: The substate 
board 115 carrying the magnetic head 8 and the opt- 
ical distance detector (not shown) Is mounted to an 

end of the bobbin 113 via a plate-shaped support 
member 118; the member 118 is mounted to the end 40 
of the bobbin 113 opposing the disk 1. A balancing 
weight 119 is mounted to the end of the member 118 
opposite to the end to which the substrate board 115 
is mounted. Further, the bobbin 113 is coupled to the 
yoke 108 via a single elastic support member 1 12. 45 

Referring next to Fig. 61, a third optical disk de- 
vice having an electromagnetic actuator is described. 
The device is identical to that shown in Figs. 59 and 

60 (wherein like reference numerals represent like 
parts), except for the following points: The substate so 
board 115 carrying the magnetic head 8 and the opt- 
ical distance detector (not shown) is coupled to an end 

of an elastic support member 121 which in its turn is 
coupled at the other end thereof to a support member 
1 20 fixed to the supporting base 6. Thus, the bobbin 55 
113 carrying the coil 114 Is supported by the nnenv 
bers 120 and 121 via the substrate board llScoupled 
to an end thereof. 
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It will be apparent to those skilled in the art that 
many modifications may be made to the optical disk 
recording and reproducing device having an actuator 
according to this invention. For example, distance de- 
tector of the type utilizing the electrostatic capacity or 
the signal of the optical head for the detection of the 
distance may be used instead of the optical distance 
detectors. Further, the actuators can be used for mov- 
ing the magnetic head to allow a sufficient separation 
between the head and the disk during the loading and 
unloading of the optical disk. In such case, the mag- 
netic head is moved by the actuator in the direction 
away from the surface of the disk by a length of about 
3 to 10 mm. 

While we have described and shown particular 
embodiments of our invention under each heading 
above, it will be understood that many modifications 
may be made without departing from the scope there- 
of, and we contemplate by the appended claims to 
cover any such modif teations as fall within the true 
scope of our invention. 



Claims 

1. An optical disk device capable of recording and 
reproducing information on and from a magneto- 
optical disk (1 ) Including a layer of magnetic ma- 
terial, comprising 

optical head means (3) for radiating a light 
beam on a recording surface (la) of said magne- 
to-optical disk(1); 

magnetic head means (8) for generating, 
in a recording process, a biasing magnetic field 
at a recording spot on the recording surface (1 a) 
of the magneto-optical disk (1), which spot is be- 
ing heated by a light beam (5) radiated from said 
optical head means (3), to effect a recording of in- 
formation by reversing a direction of magnetiza- 
tion of said magnetic material heated by said light 
beam, wherein reproduction of infonmation is ef- 
fected by radiating a light beam (5) from said opt- 
ical head means (3) on the magneto-optical disk 
(1) and receiving a light reflected by the recording 
surface of the nragneto-optical disk (1) to read In- 
formation out from the reflected light; and means 
for positioning the magnetic head means (8); 

characterised in that the positioning 
means comprise distance detector means 
(14,15.16.17;18,19) for detecting the distence 
between the magnetic head (8) and the recording 
surface (la) of tfie n^gneto-optical disk (1); 

a blnrtorph type actuator (9,71) including a 
plate-shaped piezoelectric bimorph type element 
(9a,9b) on a free end of which said magnetic 
head means (8) is mounted to oppose the record- 
ing surface (la) of the magneto-optical disk (1); 
and 
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actuator driver means (96) for driving said 
bimorph type actuator (9) in response to the dis- 
tance detected by said distance detector nr>eans 
(14.15.16.17:18,19) so that an error of said dis- 
tance with respect to a target distance thereof is s 
reduced. 

An optical disk device as claimed in daim 1. 
wherein said distance detector means 
(14,15.16,17;18,19) comprises an optical dis- io 
tance detector which includes a light-emitting ele- 
ment (14.16;18) and a light-sensitn^e element 
(1 5. 1 7;1 9) which receives the light reflected from 
a surface of the disk (1). 

IS 

An optical disk device as claimed in daim 2, 
wherein said light-sensitive element (1 5.1 7) com- 
prises two photodetectors (15,17). 

An optical disk device as daimed in daim 3, 20 
wherein said distance detector (14,15,16,17; 
18.19) determines the distance from a differen- 
tial output of said two photodetectors (15,17). 

An opttoal disk device as daimed in daim 1, 2, 3 25 
or 4 wherein said binfK>rph type actuator (9,71 ) in- 
dudes a plate-shaped piezoelectric bimorph type 
element (72,73) which comprises: 

a plate-shaped piezoelectric ceramics 
(72,73); and 30 

a plate-shaped support member (74) of an 
electrically conductive metallic material fixedly 
coupled at a surface thereof to a surface of said 
piezoelectric ceramics (72,73), wherein said sup- 
port member (74) has a width that varies with re- 35 
spect to a longitudinal distance from an end of a 
free portion of the actuator (71) such that vibra- 
tion modes at undesirable resonance frequen- 
cies are suppressed. 

40 

An optical disk device as daimed in daim 5, 
wherein the width of said plate-shaped support 
member (74) varies with respect to the longitudi- 
nal distance from an end of the free portion of the 
actuator (71 ) In an Inversely proportional relation 45 
to a normal function of a first mode of free natural 
vibration of the actuator (71), so that vibration 
modes at higher resonance frequencies other 
than the first vibratton mode are suppressed. 

50 

An optk»l disk device as daimed in daim 5. 
wherein the width of said plate-shaped support 
member (74) varies with respect to the longitudi- 
nal distance from an end of the free portion of the 
actuator (71 ) in an inversely proportional relation 55 
to a normal f unctton of a second mode of free 
natural vibration of the actuator (71), so that vi- 
bration modes other than the second vibration 



mode are suppressed. 

8. An optical disk device as daimed in any of daims 
1 to 4, wherein said actuator (9) comprises a 
plate-shaped piezoelectric bimorph element (9a) 
on a surface of which a recess (9d) is formed to 
expose a piezoelectric ceramics at a bottom 
thereof, and said actuator driver means (96) is 
electrically coupled to said bottom of the recess 
on said piezoelectric bimorph element (9a) to re- 
ceive a voltage corresponding to an acceleration 
of a vibrating end of said actuator (9), saki actua- 
tor driver means (98) reducing a driving voltage of 
said actuator (9) on the basis of a level of said vol- 
tage corresponding to the acceleration of the vi- 
brating end of the actuator (9). 

9. A bimorph type actuator (9;100) driving a mag- 
netic head of an optical disk device as daimed in 
claim 1, comprising: 

a plate-shaped piezoelectric bimorph ele- 
ment (9a; 100a) having a recess (9d; lOOd) 
formed on a surface thereof to expose a piezo- 
electric ceramics of said bimorph eiement(9a; 
100a); 

frequency detector means (96a), electri- 
cally coupled to said recess (9d; lOOd) of the bi- 
morph element (9a; 100a), for detecting a fre- 
quency of a voltage generated at the exposed 
piezoelectric ceramics of the bimorph elements 
(9a; 100a); 

distance detector means (99) for detecting 
a distance between said magnetic head (8) of the 
optical disk device and the magneto-optical disk 
(1): 

actuator driver means (96), coupled to 
said distance detector means (99) and said fre- 
quency detector means 96a, for outputting to said 
piezoelectric bimorph element (9a;100a) an ac- 
tuator driving voltage which corresponds to a dis- 
tance detected by said distance detector means 
(99), wherein said actuator driver means (96) re- 
duces a level of said actuator driving voltage 
when said frequency of the voltage generated at 
the exposed piezoelectric ceramics of the bi- 
morph element (9a; 100a) falls into a neighbor- 
hood of one of higher resonance f requendes of 
the actuator (9; 100) other than the first reso- 
nance frequency, thereby leveling a gain of the 
actuator (9; 100) at such higher resonance fre- 
quencies. 

10. Ablmorph type actuator(100)as daimed in daim 
9, further comprising a second plate-shaped pie- 
zoelectric bimorph element (100b) extending par- 
allel to said plate-shaped piezoelectric binmph 
element (1 00a) having formed on a surface there- 
of a recess (lOOd) exposing a piezoelectric cer- 
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amic element at the bottom of the leoess (1 OOd). 

11. An optical disk device capable of recording and 
reproducing information on and from a magneto- 
optical disk (1) including a layer of magnetic ma- 5 
terial, comprising 

optical head means (3) for radiating a light 
beam (4) on a recording surface of said magneto- 
optical disk (1); 

magnetic head means (8) for generating, io 
in a recording process, a biasing magnetic field 
at a recording spot (5) on the recording surface 
of the magneto-optical disk (1). which spot (5) is 
being heated by a light beam (4) radiated from 
said optical head means (3), to effect a recording is 
of informatton by reversing a direction of magne- 
tization of said magnetic material heated by said 
light beam (4). wherein reproduction of informa- 
tion is effected by radiating a light beam (4) from 
said optical head means (3) on the magneto-opt- 20 
ical disk (1) and receiving a light reflected by the 
recording surface of the magneto-optical disk (1) 
to read recorded information out from the reflect- 
ed light; and means for positioning the magnetic 
head means (8); 2$ 

characterised in that the positioning 
means comprise distance detector means (116, 
117) for detecting the distance between the mag- 
netic head (8) and the recording surface of the 
magneto-optical disk (1 ); 30 

an electromagnetic actuator (108, 109, 
110, 111. 112, 113, 114, 115) including an electro- 
magnetically driven nwvable member (113, 114, 
115) on which said magnetic head means (8) is 
mounted to oppose the recording surface of the 35 
magneto-optical disk (1); and 

actuator driver means (14a) for driving 
said electromagnetic actuator in response to the 
distance detected by said distance detector 
means(116. 117)sothatanerrorofsaiddistance 40 
with respect to a target distance thereof is re- 
duced. 



12. An optical disk devtoe as claimed in claim 11. 
wherein said electromagnetic actuator oompris- 
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a cylindrical yoke (108) coupled to a sup- 
porting base of the optk:al disk device, said yoke 
having an annular recess (108a) extending in an 
axial directton from an end surfece thereof op- so 
posing a recording surface of the magneto-opti- 
cal disk(1); 

an annular permanent magnet (109) 
mounted to a radially inwards facing side surface 
of said recess of the yoke (108) to oppose a radi- 55 
ally outwards facing side surface of said recess 
across a predetenmined annular gap; 

a hollow cylindrical bobbin (113) disposed 



in said annular gap between said permanent 
magnet (109) and the radially outwards facing 
side surface of the recess of the yoke (108); 

a coil (114) carried on an outer side sur- 
face of said bobbin (113); 

a flat annular magnetic shield member 
(110) substantially closing an annular opening of 
said recess of the yoke (108); and 

a substrate board member (115) secured 
to said bobbin (113) at an end thereof opposing a 
recording surface of the magneto-optk:al disk(1), 
the magnetic head (8) of the optical disk device 
being mounted to said substrate board member 
(1 1 5) to oppose the recording surface of the mag- 
neto-optical di8k(1). 

13. An optical disk device as claimed in daim 12, 
wherein said bobbin (1 1 3) is eiastically coupled to 
the radially inwards facing side surface of the re- 
cess of the yoke by means of an annular elastic 
member (111). 

14. An optical disk device as claimed in daim 13, 
wherein said substrate board member (1 1 5) is se- 
cured to said end of the bobbin (113) opposing 
the recording surface of the magneto-optical disk 
(1), through an intermediary of a plate-shaped 
support member (118) at one end of which the 
substrate board member (115) is mounted. 

15. An optical disk device as daimed in daim 12, 
wherein said substrate board member (115) is 
coupled to an end of an elastic support member 
(121) which in its turn is supported by a support- 
ing base (120) of the optical disk device. 

16. An optical distance detector arranged to detect 
the distance between the magnetic heat (8) and 
the surface of the disk (1) usable an optical disk 
device as daimed in any of daims 1 to 8 or 11 to 
15 comprising 

light source means (31) for radiating light 
towards said surface of the disk (1); 

first optical detector means (30a) for de- 
tecting the amount of light which is inckJent on a 
light-receiving surface thereof after being reflect- 
ed by said surfece of the disk (1), said light- 
receiving surface being substantially perpendic- 
ular to an optical axis of said light source means 
(31); 

second optical detector means (30b) for 
detecting the amount of light which is Incident on 
a light-receiving surface thereof after being re- 
flected by said surface of the disk (1), the light- 
receiving surface of the second optical detector 
means (30b) being situated on a plane on which 
said light-receiving surfece of the first optical de- 
tector means (30a) lies, at a position farther away 
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from said optical axis of the light source means 
(31) than the light-receiving surface of the first 
optica] detector means (30a); 

subtracter means, coupled to outputs 
(PD1, PD2) of said first and second optical detec- 
tor means (30a, 30b), for computing a difference 
between outputs of said first and second optical 
detector means (30a.30b); 

adder means, coupled to outputs (PD1, 
PD2) of said first and second optical detector 
means, for computing a sum of outputs of said 
first and second optical detector means (30a, 
30b); and 

nonnalizer means, coupled to said sub- 
tractor means and said adder means, for comput- 
ing a ratio of said difference between the outputs 
of the first and second optical detector means 
(30a, 30b) to said sum of the outputs of the f iret 
and second optical detector means (30a, 30b); 

wherein separations, In a radial direction 
perpendicular to the optical axis of the light 
source (31 ), between the light source means (31 ) 
and the first optical detector means (30a) and be- 
tween the firet and second optical detector 
means (30a, 30b), and areas of the first and sec- 
ond optical detectore (30a, 30b) are selected in 
such a manner that, in a measurement range of 
the measured distance between the disk (1) and 
the optical distance detector, the amount of light 



trically around the optical axis of the light source 
means (31). 

19. An optical distance detector as claimed In any 
5 one of claims 16 to 18, wherein the light-receiving 

surfaces of said first and second optical detector 
means (30a, 30b) are stepped forwards with re- 
spect to a light-emitting surface of the light 
source means (31), in the direction of the optical 
10 axis of the light source means (31 ) toward the re- 
flective surface of the object 

20. An optical distance detector as claimed in claim 
1 9, wherein a height of the step between the light- 

16 receiving surfaces of the optical detector means 
(30a, 30b) and the light-emitting surftice of the 
light source means (31) in the direction of the opt- 
ical axis of the light source means is greater than 
a thickness of the first and second optical detec- 
20 tor means (30a, 30b) in the direction of the optical 
axis of the light source means (31). 
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1. Optlsche Bildplattenvorrlchtung, die fdhig ist, In- 
formationen auf einer magneto-optischen Platte 
(1), die eine Schicht aus Magnetmaterial auf- 
weist. aufzuzeichnen und davon zu reproduzie- 
ren, 

wobel die Vorrichtung folgendes aufweist 

eine optlsche Kopfeinrichtung (3), urn ei- 
nen Lichtstrahl auf eine Aufzeichnungsflache 
(la) der magneto-optischen Platte (1) zu richten; 

eine Magnetkopfeinrichtung (8), um bei ei- 
nem Aufzeichnungsvorgang ein Vormagnetisle- 
rungsfeld an einem Aufzeichnungspunkt auf der 
Aufzeichnungsflache (1a) der magnetooptischen 
Platte (1) zu erzeugen, wobel dieser Punkt von 
einem von der optischen Kopfeinrichtung (3) at>- 
gestrahlten Lichtstrahl (5) erwSmit wird, um eine 
Infbrmationsaufzeichnung durch Umkehrung ei- 
ner Magnetisierungsrichtung des von dem Ucht- 
strahl erwSrmten Magnetmaterials zu bewirken, 
wobel die Reproduktlon von Infbrmatton erfolgt 
durch Richten eines Lichtstrahls (5) von der op- 
tischen Kopfeinrichtung (3) auf die magneto- 
optische Platte (1) und Empfangen eines von der 
Aufzeichnungsflache der magneto-optischen 
Platte (1) reflektierten Lichts, um aus dem reflek- 
tierten Licht Infonmationen auszulesen; und 

eine Einrichtung zum Positionleren der 
Magnetkopfeinrichtung (8); 

dadurch gekennzeichnet, daH die Positio- 
niereinrichtung aufweist 
eine Distanzdetektiereinrichtung (14, 15. 16, 17; 
18, 19) zum Detaktieren der Distanz zwischen 
dem Magnetkopf (8) und der Aufzeichnungsf Id- 



Inddent on the light-receiving surface of the f Iret 30 
optical detector means (30a) decreases as the 
measured distance Increases while the amount of 
light incident on the light-receiving surface of the 
second optical detector means (30b) increases 
as the measured distance Increases so that said as 
ratio, computed by said nonnallzer means, of the 
difference between the outputs of the first and 
second optical detector means (30a, 30b) to said 
sum of the outputs of the firet and second optical 
detector means (30a, 30b), varies substantially 40 
linearly with respect to the measured distance. 

17. An optical distance detector as claimed in daim 
16, wherein the outputs of sakj first and second 
optical detector means (30a. 30b) becomes equal 45 
to each other at a target value of said measured 
distance, so that said ratio, computed by said nor- 
malizer means, of the difference between the 
outputs of the firet and second optical detector 
means (30a, 30b) to said sum of the outputs of 60 
the firet and second optical detector means (30a, 
30b), corresponds to a deviation of said meas- 
ured distance from Its target value. 

18. An optical distance detector as daimed in daim 55 
16 or 17, wherein the light-receiving surfaces of 
sakJ firet and second optical detector means 
(30a, 30b) comprise surfeces disposed concen- 
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Che (la) der magneto-optischen Platte (1); 
eine bimorphe BetStigungseinheit (9, 71). die ein 
plattenfdmniges piezoelektrisches bimorphes 
Element (9a, 9b) aufweist, an dessen f reiem En- 
de die Magnetkopfeinrlchtung (8) angebracht let, 
urn der Aufzeichnungsfltche (la) der magnetoop- 
tischen Platte (1) gegenOberzustehen; und 
eine Betitigungseinheit-Treibereinrichtung (98), 
urn die bimorphe Bet&tigungseinheit (9) nach Ma&- 
gabe der von der Dlstanzdetektierelnrichtung 
(14, 15. 18. 17; 18. 19) detektierten Distanz zu 
treiben, so da& ein Fehler dieser Distanz in bezug 
auf eine Solldistanz verringert wird. 

2. Optische Bildplattenvorrichtung nach Anspruch 

1. wobei die Distanzdetektiereinrichtung (14. 15. 
16, 17; 18. 19) einen optischen Distanzdetektor. 
der ein lichtemittierendes Element (14, 16; 18) 
umfallt, und ein lichtempfindliches Element (15, 
17; 19), das das von einer Oberf ISche der Platte 
(1) iBflektlerte Licht empfingt, aufweist. 

3. Optische Bildplattenvonichtung nach Anspruch 

2. wobei das lichtempfindliche Element (15. 17) 
zwei Photoempfinger (15, 17) aufweist. 

4. Optische Bildplattenvonichtung nach Anspruch 

3. wobei die Distanzdetektiereinrichtung (14. 15. 
16, 17; 18, 19) die Distanz aus einem Differenz- 
ausgangswert der bekJen Photoemptinger (15, 
17) bestimmt. 

5. Optische Bildplattenvonichtung nach Anspruch 
1. 2, 3 Oder 4, wobei die bimorphe Betatigungs- 
einheit (9, 71) ein plattenfAmfilges piezoelektri- 
sches bimorphes Element (72, 73) unnfa&t, das 
folgendes aufweist: 

eine plattenfdrmige plezoelektrische Ke- 
ramik (72, 73); und 

ein plattenformlges Abstutzelement (74) 
aus einem elektrisch leitfahtgen metallischen 
Material, das an eIner Oberf Idche davon fast mit 
einer Oberfidche der plezoelektrischen Keramik 
(72, 73) verbunden ist. wobei das Abstutzelement 
(74) eine Brelte hat, die sich In bezug auf eine 
L^ngsdistanz von einem Ende eines freien Be- 
reichs der Betatigungseinheit (71) Sndert. so daC; 
Schwingungsfonmen mit unerwunschten Reso- 
nanzfrequenzen unterdruckt werden. 

6. Optische Bildplattenvonichtung nach Anspruch 
5, wobei die Breite des plattenf5nmigen Abstutz- 
elements (74) sich in bezug auf die Uingsdistanz 
von einem Ende des freien Bereichs der Betiti- 
gungseinheit (71) in eIner umgekehrt proportio- 
nalen Beziehung zu einer Nonmalfunktion einer 
ersten Form einer freien Eigenschwingung der 
Betitigungselnheit (71) findert, so da& Schwin- 



gungsfbrmen mit hdheren Resonanzf requenzen, 
die nicht die erste Schwingungsfomi sind, unter- 
drOckt werden. 

6 7. Optische Bildplattenvorrichtung nach Anspruch 
5, wobei die Brelte des plattBnf6rmigen AbstQtz- 
elements (74) sich in bezug auf die Uingsdistanz 
von einem Ende des freien Bereichs der Betati- 
gungseinheit (71) in einer umgekehrt proportio- 

10 nalen Beziehung zu einer Normalfunktion einer 
zweiten Form von f reier Eigenschwingung der 
Betdtigungseinheit (71) dndert so da& Schwin- 
gungsfomnen, die nicht die zweite Schwingungs- 
form sind, unterdruckt werden. 

IS 

8. Optische Bildplattenvorrichtung nach einem der 
AnsprQche 1-4. wobei die BetStigungseinheit (9) 
ein plattenformlges piezoelektrisches bimorphes 
Element (9a) aufweist, wobei an einer Oberfli- 

20 che desselben eine Ausnehmung (9d) geformt 
ist. um eine plezoelektrische Keramik an einer 
Unterseite davon frelzulegen. und die BetSti- 
gungseinheit-Treiberelnrichtung (96) mit der Un- 
terseite der Ausnehmung an dem piezoelektri- 

25 schen bimorphen Element (9a) elektrisch gekop- 
pelt ist um eine Spannung zu empfangen, die ei- 
ner Beschleunigung eines schwingenden Endes 
der BetStigungseinheit (9) entspricht. wobei die 
Betdtigungseinheit-Treiberelnrichtung (96) eine 

30 Treiberspannung der BetStlgungseinheit (9) auf 
der Basis eines Pegels der Spannung, der der 
Beschleunigung des schwingenden Endes der 
BetStlgungselnhelt (9) entspricht, herabsetzt. 

35 9. Bimorphe BetStlgungselnheit (9; 100), um einen 
Magnetkopf einer optischen Bildplattenvorrich- 
tung nach Anspruch 1 zu treiben, wobei die Be- 
titigungseinhelt folgendes aufweist 

ein plattenfSrmiges piezoelektrisches 

40 bimorphes Element (9a; 100a), das eine an einer 
Oberflache davon gebildeta Ausnehmung (9d; 
1 0Od) hat. um eine plezoelektrische Keramik des 
bimorphen Elements (9a; lOOa) freizulegen; 
eine Frequenzdetektiereinrichtung (96a), 

45 die mit der Ausnehmung (9d; lOOd) des 
bimorphen Elements (9a; 100a) elektrisch ge- 
koppelt ist. um eine Frequenz einer Spannung zu 
detektieren, die an der f reigelegten plezoelektri- 
schen Keramik des bimorphen Elements (9a; 

so 1 00a) erzeugt wird; 

eine Distanzdetektiereinrichtung (99), um 
eine Distanz zwischen dem Magnetkopf (8) der 
optischen Bildplattenvorrichtung und der 
magneto-optischen Platte (1) zu detektieren; 

55 eine Betfitigungselnhelt-Trelberelnrich- 

tung (96), die mit der Distanzdetektiereinrichtung 
(99) und der Frequenzdetektiereinrichtung (96a) 
gekoppelt ist, um an das plezoelektrische 
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bimorphe Element (9a; 100a) eine 
BetStigungseinheitTreiberspannung abzugeben, 
die einer von der Distanzdetektlerelnrichtung 
(99) detektierten Distanz entspricht, wobei die 
Betitigungseinheit-Treibereinrichtung (96) einen s 
Pegel der Betfitigungseinheit-Treiberspannung 
herabsetzt, wenn die Frequenz der an derfreilie- 
genden piezoelektn'schen Keramik des 
bimorphen Elements (9a; 100a) erzeugten Span- 
nung In die NShe einer von hdheren Resonanz- to 
frequenzen der Betitigungselnheit (9; 100) fillt. 
die nicht die erste Resonanzfraquenz sind, um 
dadurch eine VerstSrkung der Betdtigungseinheit 
(9; 100) bei soichen hdheren Resonanzfrequen- 
zen abzugfeichen. is 

10. Bimorphe BetStigungseinheit (100) nach An- 
spruch 9, die ferner ein zweites plattenformiges 
plezoelektrisches bimorphes Element (100b) 
aufweist, das parallel zu dem plattenfSrmigen 20 
piezoelektrischen bimorphen Element (100a) 
vertSuft, an dessen einer OberflSche eine Aus- 
nehmung (100d) gebildet ist, die ein plezoelektri- 
sches Keramikelement am Boden der Ausneh- 
mung (lOOd) freiiegt. 25 

11. Optische Bildplattenvorrichtung, die fihig ist, tn- 
formationen auf einer magneto-optischen Platte 
(1), die eine Schicht aus Magnetmaterial auf- 
weist, aufzuzeichnen und davon zu reproduzie- 30 
ren, wobei die Vorrichtung folgendes aufweist: 

eine optische Kopfeinrichtung (3), um ei- 
nen Lichtstrahi (4) auf eine Auf zeichnungsfiiche 
der magneto-optischen Platte (1) zu richten; 

eine Magnetkopfeinrichtung (8). um bei ei- 3S 
nem Aufzeichnungsvorgang ein Vormagnetisie- 
rungsfeld an einem Aufzeichnungspunkt (5) auf 
der Aufzeichnungsfiache der magnetooptischen 
Platte (1) zu erzeugen. wobei dieser Punkt (5) 
von einem von der optischen Kopfeinrichtung (3) 40 
abgestrahlten Uchtstrahl (4) erwarmt wird, um 
eine Infbmiationsaufzelchnung durch Umkeh- 
rung einer Magnetisierungsrichtung des von dem 
Lichtstrahi (4) erwarmten Magnetmaterials zu 
bewlrken, wobei eine Reproduktion von Infonma- 45 
tionen bewlrkt wird durch Richten eines Ucht- 
strahls (4) von der optischen Kopfeinrichtung (3) 
auf die magneto-optische Platte (1) und Empfan- 
gen eines von der Aufzeichnungsfliche der 
magneto-optischen Platte (1) reflektterten so 
Uchts, um aus dem reflektierten Licht aufge- 
zeichnete fnfonmationen auszulesen; und 

eine Einrichtung zum Postttonieren der 
Magnetkopfeinrichtung (8); 

dadurch gekennzeichnet da& die Posltionierein- 55 
richtung folgendes aufweist 
eine Distanzdetektlerelnrichtung (116, 117), um 
die Distanz zwischen dem Magnetkopf (8) und 



der Auf zeichnungsfiiche der magneto-optischen 
Platte (1) zu detektieren; 
eine elektromagnetische Betdtigungseinheit 
(108. 109. 110. Ill, 112, 113. 114. 115). die ein 
elektromagnetisch angetriebenes bewegliches 
Element (113. 114, 115) aufweist, an dem die Ma- 
gnetkopfeinrichtung (8) angebracht ist, um der 
AufzeichnungsflSche der nruigneto-optischen 
Platte (1) gegenQberzustehen; und 
eine Betfitigungseinheit-Treibereinrichtung 
(14a), um die elektromagnetische Betdtigungs- 
einheit nach Ma&gabe der von der 
Distanzdetektiereinrichtung (116, 117) detektier- 
ten Distanz zu treiben. so da& ein Fehler dieser 
Distanz In bezug auf eine Soll-Distanz verringert 
wird. 

12. Optische Bi Id pi atten vorrichtung nach Anspruch 

11, wobei die elektromagnetische Betatigungs- 
einheit folgendes aufweist 

ein zytindrisches Joch (108), das mit einer 
Abstutzbasis der optischen Bildplattenvorrich- 
tung gekoppelt ist, wobei das Joch eine ringfSr- 
mige Ausnehmung (108a) hat, die in einer Axial- 
richtung von seiner einen Endfliche verlduft, die 
einer Aufzelchnungsfldche der magneto- 
optischen Ratta (1) gegenuberliegt; 

einen ringformigen Permanentmagneten 
(109), der an einer nach radial Innen weisenden 
SeitenflSche der Ausnehnrtung des Jochs (108) 
angebracht ist, um einer nach radial au&en wei- 
senden SeitenflSche der Ausnehmung uber ei- 
nen vorbestimmten ringfSrmigen Zwischenraum 
gegenuberzuliegen; 

einen hohlzylindrischen Spulenkfirper 
(113), der in dem ringffirmigen Zwischenraum 
zwischen dem Permanentmagneten (109) und 
der nach radial aufien weisenden Seitanfiache 
der Ausnehmung des Jochs (108) angeordnet 1st; 

eine Spule (114), die an einer autenseiti- 
gen Oberfiiche des Spulenk5rpere (113) getra- 
gen ist; 

ein flaches ringfSmfiiges magnetisches 
Abschirmelement (110), das eine ringformige 
Of f nung der Ausnehmung des Jochs (1 08) Im we- 
sentlichen verschliel^t und 

ein Substratplattenelement (115), das an 
dem Spulenkdrper (11 3) an einem Ende davon, das 
einer Auf zeichnungsfldche der magneto-optischen 
Platte (1) entgegengesetzt ist, befsstigt ist. wobei 
der Magnetkopf (8) der optischen Biidplattenvor- 
richtung an dem Substratplattenelement (115) an- 
gebracht ist, um der Aufzeichnungsfiache der 
magneto-optischen Platte (1) gegenQberzuste- 
hen. 

13. Optische Bildplattenvorrichtung nach Anspruch 

1 2, wobei der Spulenkfirper (1 1 3) mit der nach ra- 
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dial innen weisenden Seitenflache der Ausneh- 
mung des Jochs mittels eines ringfonmigen ela- 
stlschen Elements (111) elastisch gekoppelt ist. 

14. Optische Bildplattenvorrichtung nach Anspruch s 
13, wobei das Substratptattenelement (115) an 
dem genannten Ends des Spulenkfirpers (113), 

das der Aufzeichnungsflache der magneto- 
optischen Platte (1) entgegengesetzt ist, durch 
ZwIschenfQgung eInes plattenfdnnlgen Tragele- io 
ments (118) befestlgt ist, an dessen einem Ende 
das Substratplattenelement(115) angebracht Ist 

15. Optische Bildplattenvorrichtung nach Anspruch 

12, wobei das Substratplattanelement (115) mit 15 
einem Ende eines elastischen Tragelements 
(121) verbunden ist, das seinerselts von einerAb- 
stutzbasis (120) der optischen Bildplattenvor- 
richtung abgestutzt ist 

20 

16. Optischer Distanzdetektor, der angeordnet ist, 
urn die Distanz zwischen dem Magnetkopf (8) 
und der Oberflfiche der Platte (1) zu detektieren, 
zur Verwendung bei einer optischen Bildplatten- 
vorrichtung nach einem der Anspruche 1-8 Oder 25 
11-15, wobei der Distanzdetektor folgendes auf- 
welst 

sine Uchtquelleneinrichtung (31), um 
ticht auf die Oberf idche der Piatte (1) zu richten; 

eine erste optische Detektorelnrichtung 30 
(30a), um die tichtmenge zu detektieren, die auf 
eine Ltehtempfangsfldche davon nach Reflexion 
an der Oberflache der Platte (1) ^llt, wobei die 
tichtempfangsf ISche zu einer optischen Achse 
der Uchtquelleneinrichtung (31 ) Im wesentltehen 3S 
senkrecht ist; 

eine zweite optische Detektoreinrichtung 
(30b), um die tichtmenge zu detektieren, die auf 
eine tichtempfangsf Idche davon nach Reflexion 
an der Oberfldche der Platte (1) fillt. wobei die 40 
tichtempfangsf liche der zweiten optischen De- 
tektorelnrichtung (30b) auf einer Ebene liegt, auf 
der die Uchtempfangsfliche der ersten opti- 
schen Detektoreinrichtung (30a) liegt, und zwar 
in einer Position, die von der genannten opti- 45 
schen Achse der Uchtquelleneinrichtung (31) 
welter entfernt ist als die UchtempfangsflSche 
der ersten optischen Detektoreinrichtung (30a); 

eine Subtraktionselnrichtung, die mit Aus- 
gingen (PD1, PD2) der ersten und der zweiten 60 
optischen Detektoreinrichtung (30a, 30b) gekop- 
pelt ist um eine DIfferenz zwischen Ausgangssi- 
gnalen der ersten und der zweiten optischen De- 
tektoreinrichtung (30a, 30b) zu berechnen; 

eine Addittonseinrichtung, die mit Ausgin- 55 
gen (PD1 , PD2) der ersten und der zweiten opti- 
schen Detektoreinrichtung gekoppelt ist um eine 
Summe von Ausgangsslgnalen der ersten und 



der zweiten optischen Detektoreinrichtung (30a, 
30b) zu berechnen; und 

eine Normlerungseinrichtung, die mit der 
Subtraktionsein-richtung und der Additionsein- 
richtung gekoppelt ist um ein Verhdltnis der ge- 
nannten Differenz zwischen den Ausgangsslgna- 
len der ersten und der zweiten optischen Detek- 
toreinrichtung (30a, 30b) zu der Summe der Aus- 
gangssignale der ersten und der zweiten opti- 
schen Detektoreinrichtung (30a, 30b) zu berech- 
nen; 

wobei in einer Radialrichtung, die senk- 
recht zu der optischen Achse der tichtquelle (31) 
ist Abstande zwischen der Uchtquelleneinrich- 
tung (31) und der ersten optischen Detektorein- 
richtung (30a) sowie zwischen der ersten und der 
zweiten optischen Detektoreinrichtung (30a, 30b) 
sowie Richen der ersten und der zweiten opti- 
schen Detektoreinrichtung (30a, 30b) auf sdche 
Welse gewdhit sind, da& In einem Me&bereich der 
gemessenen DIstanz zwischen der Platte (1) und 
der optischen Distanzdetektiereinrichtung die 
tichtmenge, die auf die tichtempfangsflSche der 
ersten optischen Detektoreinrichtung (30a) fillt 
mit zunehmender gemessener Distanz abnimmt 
wShrend die tichtmenge, die auf die Uchtemp- 
fangsflache der zweiten optischen Detektorein- 
richtung (30b) faiit mit zunehmender gemesse- 
ner Distanz grd&er wird, so da& das von der Nor- 
mlerungseinrichtung berechnete Verhdltnis der 
Differenz zwischen den Ausgangssignalen der 
ersten und der zweiten optischen Detektorein- 
richtung (30a, 30b) zu der Summe der Ausgangs- 
signale der ersten und der zweiten optischen De- 
tektoreinrichtung (30a, 30b) sich im wesentlichen 
linear in bezug auf die gemessene Distanz dn- 
dert. 

17. Optische Distanzdetektiereinrichtung nach An- 
spruch 16, wobei die Ausgangssignale der ereten 
und der zweiten optischen Detektoreinrichtung 
(30a, 30b) bei einem Sollwert der gemessenen 
Distanz einander gleich werden, so da& das von 
der Normlerungseinrichtung berechnete Verhdlt- 
nis der Differenz zwischen den Ausgangsslgna- 
len der ersten und der zweiten optischen Detek- 
toreinrichtung (30a, 30b) zu der Summe der Aus- 
gangssignale der ersten und der zweiten opti- 
schen Detektoreinrichtung (30a, 30b) einer Ab- 
weichung der gemessenen Distanz von ihrem 
Sollwert entspricht 

18. Optische Distanzdetektiereinrichtung nach An- 
spruch 16 Oder 17, wobei die tichtempfangsf 13- 
chen der ereten und der zweiten optischen Detek- 
toreinrichtung (30a, 30b) Flachen aufweisen, die 
konzentrisch um die optische Achse der Ucht- 
quelleneinrichtung (31) herum angeordnet sind. 
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19. Optische Distanzdetektiereinrichtung nach ek 
nem der Anspruche 16-18, wobei die Uchtemp- 
fangsflSchen der ersten und der zweiten optk 
schen Detektorelnrichtung (30a, 30b) in bezug 

auf eine tichtemittierende FISche der Lichtquel- 5 
leneinrichtung (31) in Richtung der optischen 
Achse der Uchtquellenelnrichtung (31) zu der re- 
flektierenden Oberfl§che des Objekts iiin vor- 
wdrts abgestuft slnd. 

10 

20. Optische Distanzdetektiereinrichtung nach An- 
spruch 19, wobei eine M5he der Stufe zwischen 
den Uchtempfangsf idchen der optischen Detek- 
toreinrichtungen (30a, 30b) und der iichtemittie- 
renden Oberflfiche der Uchtquelleneinrichtung is 
(31) in der Richtung der optischen Achse der 
Uchtquelleneinrichtung gr6&er als eine DIcke der 
ersten und der zweiten optischen Detektorein- 
richtung (30a. 30b) in der Richtung der optischen 
Achse der Lichtquelleneiniichtung (31) isL 20 



Revendicatlons 



extr6mit6 libra duquel le moyen de tdte magn6ti- 
que (8) est nnontd pour s'opposer d la surfece 
d'enregistrement (la) du disque magndto-opti- 
que (1); et 

un moyen de comniande d'actionneur (96) 
pour commander I'acttonneur du type bimorphe 
(9) en r6ponse d la distance ddtect6e par le 
moyen ddtecteur de distance (14,15,16,17; 
18,19) de sorts qu'une erreur de la distance par 
rapport d una distance clble de ceiie-ci est r6dui- 
te. 

2. Dispositif de disque optique comme revendiqu6 
en revendicatbn 1, dans lequel te moyen d6tec- 
teur de distance pr6citd (14,15,16,17:18.19) 
comprend un d6tecteur de distance optique qui 
comporte un 6l6ment d'6mission de lumidre 
(14,16:18) et un 616ment sensible d la lumi^re 
(15,17;19) qui regoit la lumidre r6fl6chie par une 
surface du disque (1). 



3. Dispositif de disque optique comme revendiqu6 
en revendication 2, dans lequel i'^i^ment sensi- 
ble ^ la lumi^re pr6cit6 (15,17) comprend deux 

25 photoddtecteurs (15,17). 

4. Dispositif de disque optique comme revendiqud 
en revendication 3, dans lequel le ddtecteur de 
distance pr6citd (14,15,16,17;18.19) determine 

30 ia distance d'une sortie diffdrentielie des deux 
photod^tecteurs pr6cit6s (15,17). 

5. Dispositif de disque optique comme revendiqud 
en revendication 1, 2. 3 ou 4. dans lequel i'action- 

35 neur du type bimorphe prdcitd (9,71) comprend 
un 6l6ment du type bimorphe pi6zo61ectrique en 
forme de plaque (72,73) qui comprend : 

des c^ramiques pi^zo^iectriques en for- 
me de plaque (72,73); et 

40 un 6l6ment de support en forme de plaque 

(74) en un matdriau m6taliique diectriquement 
conducteur coupl6 f ixement d une surface de ce- 
lui-cl d une surface des c^ramiques pi6zo-6lectri- 
ques (72,73), dans lequel i'di^ment de support 

45 (74) a une iargeur qui varie par rapport d une dis- 
tance iongitudinale d'une extr6mit6 d'une portion 
libre de I'actionneur (71) de sorts que des modes 
de vibration d des frequences de r6sonance non 
souhaitables sent supprim6s. 

so 

6. Dispositif de disque optique comme revendiqu6 
en revendication 5, dans lequel la iargeur de i'616- 
ment de support en forme de plaque (74) varie 
par rapport d la distance longitudinaie d'une ex- 

55 tr6mlt6 de la portion libre de i'actionneur (71) en 
une relation inversement proportionnelle d une 
fonction nomnale d'un premier mode de vibration 
naturefle libre de i'actionneur (71), de sorts que 



1 . Dispositif de disque optk^ue pouvant enregistrer 
et reproduire une information sur et d'un disque 
magn6tD-optique (1) comprenant une couche de 
matdriau nuign^tlque, comprenant 

un moyen de tdte optique (3) pour 6mettre 
un faisceau de iumidre sur une surface d'enregis- 
trement (1a) dudit disque magn^to-optique (1); 

un moyen de tdte magndtique (8) pour pro- 
duire, dans un processus d'enregistrement, un 
champ magndtique de polarisatton d un point 
d'enregistrement sur la surface d'enregistrement 
(la) du disque magndto-optique (1), lequel point 
est chauffd par un faisceau de lumidre (5) 6mis 
par le moyen de tdte optique (3), pour effectuer 
un enregistrement d'information en inversant une 
direction de magnetisation du matdriau magndtl- 
que chauffd par le faisceau de lumidre, dans le- 
quel la reproduction de I'informatton est effec- 
tu6e par emission d'un faisceau de iumidre (5) du 
moyen de tdte optique (3) sur le disque magndto- 
optkiue (1) et rdceptlon d'une lumidre rdfidchle 
par ia surface d'enregistrement du disque ma- 
gndto-optique (1) pour lire I'Information de ia lu- 
midre rdf Idchie; et un nfK)yen pour positk>nner ie 
moyen de tdte magndtique (8): 

caractdrisd en ce que le moyen de posi- 
tlonnement comprend un nrK>yen ddtecteur de 
distance (14,15,16,17;18,19) pour ddtecter la dis- 
tance entre ia tdte magndtique (8) et ia surface 
d'enregistrement (la) du disque magndto-opti- 
que (1); 

un actionneur du type bimorphe (9J1) 
comprenant un didment du type bimorphe pid- 
zodlectrique en forme de plaque (9a,9b) sur une 
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des modes de vibration d des f rSquences de re- 
sonance plus 6tev6es que le premier nriode de vi- 
bration sont supprim6s. 

Dispositif de disque optique oomnfie revendlqud s 
en revendication 5, dans iequel la largeurde T^ld- 
ment de support en forme de plaque (74) varie 
par rapport d la distance longitudinale d'une ex- 
tr6mit6 de la portion llbre de I'actionneur (71) en 
une relation Inversement proportionnelle d une to 
fonctlon normale d'un second mode de vibration 
naturelle libre de I'actionneur (71), de sorts que 
des modes de vibration autres que le second 
mode de vibration sent supprim6s. 

IS 

Dispositif de disque optique comme revendiqu6 
dans Tune quelconque des revendlcations 1 d 4, 
dans tequel ractionneur pr6cit6 (9) comprend un 
6l6ment bimorphe pi6zo-6lectrique en forme de 
plaque (9a) sur une surface duquel un 6vldement 20 
(9d) est form6 pour exposer une c^ramique pi6- 
zo-6lectrique d un fond de celui-ci, et le moyen de 
commando d'actionneur pr6cit6 (96) est 6lectri- 
quement coupl6 audit fond de T^videment sur 
rdldment bimorphe pi6zo6lectrique (9a) pour re- 25 
cevoir une tension correspondent d une accele- 
ration d*une extrSmite vibrante de i'actionneur 
(9), le moyen de commando d'actionneur (96) re- 
dulsant une tension de commando de raction- 
neur (9) sur la base d'un niveau de ladite tension 30 
correspondent d I'acceieratlon de I'extrdmite vi- 
brante de I'actionneur (9). 

Actionneur du type bimorphe (9; 100) comman- 
dant une tdte magndtique d'un dispositif de dis- 35 
que optique comme revendiqu6 en revendication 
1, comprenant : 

un element bimorphe piezoeiectrique en 
forme de plaque (9d;100a) ayant un evidement 
(9d;100d) forme sur une surface de ceiui-ci pour 40 
exposer une ceramlque piezoeiectrique de {'ele- 
ment bimorphe (9a;100a); 

un moyen detecteur de frequence (96a), 
eiectriquement couple audit evidement (9d;100d) 
de reiement bimorphe (9a;100a), pour detecter 4S 
une frequence d'une tension produlte aux c6ra- 
miques pidzoeiectriques exposees des elements 
bimorphes (9a; 100a); 

un moyen detecteur de distance (99) pour 
detector une distance entre la tete magnetique so 
(8) du dispositif de disque optique et le disque 
magneto-optique (1); 

un moyen de commando d'actionneur 
(96), coupid au moyen detecteur de distance (99) 
et au moyen detecteur de frequence (98a), pour 55 
produire d I'^iement bimorphe piezoeiectrique 
(9a; 100a) une tension de commando d'action- 
neur qui correspond d une distance detectee par 



le moyen detecteur de distance (99), dans Iequel 
le moyen de commando d'actionneur (96) rdduit 
un niveau de la tension de connmande d'action- 
neur lorsque ladite frequence de la tension pro- 
duite e la ceramique piezoeiectrique exposes de 
reiement bimorphe (9a; 100a) tombe au voislna- 
ge de I'une des frequences de resonance plus 
dievee de I'actionneur (9;100) autre que la pre- 
miere frequence de resonance, nivelant de la 
sorts un gain de I'actionneur (9;100) d de telies 
frequences de resonance plus eievees. 

10. Actionneur du type bimorphe (100) comme re- 
vendique en revendication 9. comprenant de plus 
un second element bimorphe piezoeiectrique en 
forme de plaque (100b) s'^tendant paralieie e 
reiement binrrarphe piezoeiectrique en forme de 
plaque precite (1 00a) ayant forme sur une surfa- 
ce de celui-ci un evidement (lOOd) exposant un 
element de ceramique piezo-eiectrique au fond 
de l'evidement(IOOd). 

11. Dispositif de disque optique pouvant enregistrer 
et reproduire une information sur et d'un disque 
magneto-optique (1) comprenant une couche de 
materiau magnetique, comprenant 

un moyen de tete optique (3) pour emettre 
un faisceau de iumidre (4) sur une surface d'en- 
registrement du disque magneto-optique (1); 

un moyen de tete magnetique (8) pour pro- 
duire, dans un processus d'enregistrement, un 
champ magnetique de polarisation d un point 
d'enregistrement (5) sur la surface d'enregistre- 
ment du disque magneto-optique (1), Iequel point 
(5) est chauffe par un faisceau de lumiere (4) 
emis par le moyen de tdte optique (3), pour effec- 
tuer un enregistrement d'information en inver- 
sant une direction de magnetisation du materiau 
optique chauffe par le faisceau de lumiere (4), 
dans Iequel la reproduction d'information est ef- 
fectuee en emettant un faisceau de lumidre (4) du 
moyen de tete optique (3) sur le disque magneto- 
optique (1) et recevant une lumiere refl6chie par 
la surface d'enregistrement du disque magneto- 
optique (1) pour lire I'lnformation enregistree de 
la lumiere r6f lechie; et un moyen pour positionner 
le moyen de tete magnetique (8); 

caracterise en ce que le moyen de posi- 
tlonnement comprend un moyen detecteur de 
distance (116.1 1 7) pour detecter la distance entre 
la tete magnetique (8) et la surface d'enregistre- 
ment du disque magneto-optique (1); 

un actionneur eiectromagn^tique 
(108,109,110,111,112,113.114.115) comprenant 
un element mobile entraTne eiectro-magnetlque- 
ment (113,114,115) sur Iequel le moyen de tete 
magnetique (8) est monte pour s'opposer d la 
surface d'enregistrement du disque magneto-op- 
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tique (1); et 

un moyen de commande d'acttonneur 
(14a) pour commander I'actionneur ^lectro-ma- 
gndtique en r6ponse d la distance d6tect6e parle 
nnoyen ddtectaur de distance (116,117) de sorte 6 
qu'une eneur de ladite distance par rapport d une 
distance cibie de celle-ci est r^duite. 

1Z Dispositif de disque optique comme ravendiqu6 
en revendication 11, dans lequel I'actionneur io 
6lectromagn6tique pr6cit6 comprend : 

un noyau cylindrique (108) coupl6 d une 
base de support du dispositif de disque optique, 
iedit noyau ayant un 6videment annuiaire (108a) 
s'6tendant dans une direction axiale d'une surfa- is 
ce d'extr^mitd de celui-ci s'opposant d une sur- 
face d'enregistrement du disque nr)agn6to-opti- 
que (1); 

un aimant permanent annuiaire (109) 
mont6 & une surface Iat6rale faisant face radiale- 20 
ment vers I'int^rieur dudit ^vidennent du noyau 
(108) pour s'opposer d une surface latdrate fai- 
sant face radiaiement vers i*ext6rieur de i'^vide- 
ment d travers un intervalie annuiaire pr6d6ter- 
mln6; 25 

une bobine cylindrique creuse (113) dispo- 
s6e dans I'lntervalle annuiaire entre i'aiment per- 
manent (109) et la surface Iat6rale faisant face 
vers rext6rieur radiaiement de r^videment de la 
carcasse (108); 30 

une enroulement (114) port6 sur une sur- 
face latdrale externe de la bobine (113); 

un 6l6ment de blindage magn^tlque annu- 
iaire plat (110) ferment sensiblement une ouver- 
ture annuiaire de I'dvidement de la carcasse 3S 
(108); et 

un 6l6ment de plaque de substrat (115) 
flx6 d la bobine (113) d une extr^mitd de celle-ci 
s'opposant d une surface d'enregistrement du 
disque magn6to-optlque (1), la tdte magndtique 40 
(8) du dispositif de disque optique 6tant mont^e 
a r6t6ment de plaque de substrat (1 1 5) pour s'op- 
poser d la surface d'enregistrement du disque 
magndto-optique (1). 

45 

13. Dispositif de disque optique comme revendiqu6 
en revendication 12, dans lequel la bobine pr6ci- 
t6e (113) est diastiquement coupi^e d la surface 
Iat6rale faisant face radiaiement vers I'intdrieur 

de r^videment de la carcasse au moyen d'un 616- so 
ment 6lastlque annuiaire (111). 

14. Dispositif de disque optique comme revendiqu6 
en revendication 13, danstequel i'6l6mentde pla- 
que de substrat pr6cltd (11 5) est f b(6 d ladite ex- 55 
tr6mit6 de la bobine (113) s'opposant d la surfece 
d'enregistrement du disque magn^to-optique (1), 

par rinterm6dialre d'un 6l6ment de support en 
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forme de plaque (118) k une extr6mit6 duquel 
r6l6ment de plaque de substrat (115) est mont6. 

15. Dispositif de disque optique comme revendiqu6 
en revendication 12, dans lequel I'6l6mentde pla- 
que de substrat (115) est couple 6 une extr6mit6 
d'un 6l6mentde support 61astique (121) qui d son 
tour est supports par une base de support (120) 
du dispositif de disque optique. 

16. D6tecteur de distance optique agenc6 pour d6- 
tecter la distance entre la tdte magndtique (8) et 
la surface du disque (1) pouvant utillser un dispo- 
sitif de disque optique conrvne revendiqud dans 
Tune quelconque des revendications 1 d 8 ou 11 
d IScomprenant 

un moyen de source de lumldre (31) pour 
dmettre de la lumidre vers ladite surface du dis- 
que (1); 

un premier moyen ddtecteur optique (30a) 
pour d6tacter la quantity de lumidre qui est incl- 
dente sur une surface de reception de lumidre de 
celui-ci apr^s 6tre r6fl6chie par la surface du dis- 
que (1), la surface de reception de iumidre 6tant 
sensiblement perpendiculaire k un axe optique 
du moyen de source de lumidre (31); 

un second moyen ddtecteur optique (30b) 
pour ddtecter la quantity de lumidre qui est inci- 
dente sur une surface de reception de lumidre de 
celul-cl aprds dtre r6f I6chie par la surfece du dis- 
que (1 ), la surface de reception de lumidre du se- 
cond moyen ddtecteur optique (30b) 6tantsitu6e 
sur un plan sur lequel la surface de reception de 
iumidre du premier moyen d6tecteur optique 
(30a) s'dtend, d une position plus dioignde de 
I'axe optique du moyen de source de luml^re (31) 
que la surface de reception de lumidre du premier 
moyen ddtecteur optique (30a); 

un moyen soustracteur, coupl6 d des sor- 
ties (PD1,PD2) des premier et second moyens 
ddtecteurs optiques (30a,30b), pour calculer une 
difference entre des sorties des premier et se- 
cond moyens d6tecteurs optiques (30a,30b); 

un moyen additionnel, ooupld aux sorties 
(PD1 ,PD2) des premier et second moyens d6teo- 
teurs optiques, pour calculer une somme de sor- 
ties des premier et second moyens d6tecteurs 
optiques (30a,30b); et 

un moyen normaliseur, coupl6 au moyen 
soustracteur et au moyen additionneur, pour cal- 
culer un rapport de ladite difference entre les sor- 
ties des premier et second moyens ddtecteurs 
optiques (30a,30b) et de la somme des sorties 
des premier et second nfioyens ddtecteurs opti- 
ques (30a,30b); 

dans lequel des separations, dans une di- 
rection radiale perpendiculaire k I'axe optique de 
la source de lumidre (31 ), entre le nrayen de sour- 
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ce de lumidre (31) et le premier moyen d6tecteur 
optique (30a) et entre les premier et second 
moyens d6tecteurs optlques (30a»30b), et des 
zones des premier et second d6tecteurs optiques 
(30a,30b) sont chotsies d'une manidre telle que, s 
dans une gamme de mesures de la distance me- 
sur6e entre le disque (1 ) et le d6tecteurde distan- 
ce optique, la quantity de lumi^e incidente sur la 
surface de reception de iumidre du premier 
moyen d6tecteur optique (30a) diminue comme io 
la distance mesur6e augmente, tandis que la 
quantity de lumidre incidente sur la surface de re- 
ception de lumi^re du second moyen d^tecteur 
optique (30b) augmente comme (a distance me- 
8ur6e augmente, de sorts que le rapport, calcul6 16 
parte nrK>y6n normaliseur. de la difference entre 
les sorties des premier et second moyens d6teo- 
teurs optiques (30a,30b) d la somme des sorties 
des premier et second moyens detecteurs opti- 
ques (30a,30b) varie senslblement Iin6airement 20 
par rapport d la distance mesurde. 

17. Detecteur de distance optique comme revendi- 
qu6 en revendication 16, dans lequel les sorties 

des premier et second ddtecteurs optiques (30a 25 
30b) devlennent egales I'une d Tautre d une va- 
leur cible de la distance mesur6e pr6cttee, de sor- 
te que le rapport pr6cite, calculi par le moyen 
nonnaliseur pr6cit6, de la difference entre les 
sorties des premier et second moyens detecteurs 30 
optiques (30a,30b) d la somme prdcitee des sor- 
ties des premier et second nuiyens ddtecteurs 
optiques (30a,30b) correspond ^ un dcart de la 
distance mesuree de sa valeur cible. 

35 

18. Detecteur de distance optique comme revendl- 
qu6 en revendication 16 ou 17, dans lequel les 
surfaces de reception de lumidre des premier et 
second moyens detecteurs optiques pr^cites 
(30a,30b) comprennent des surfeces disposees 40 
concentrlquement autour de Taxe optique du 
moyen de source de lumidre (31). 

19. Detecteur de distance optique comme revendi- 

qud dans I'une quelconque des revendications 16 45 
e 18, dans lequel les surfaces de reception de lu- 
midre des premier et second moyens detecteurs 
optiques pr^cites (30a,30b) sont etagdes vers 
I'avant par rapport d une surface d'emission de 
lumiere du moyen de source de lumidre (31), so 
dans la direction de I'axe optique du wayen de 
source de lumidre (31) vers la surface rdflectrlce 
de Tobjet 

20. Detecteur de distance optique comme revendi- 55 
qu6 en revendication 1 9, dans lequel une hauteur 

de retage entre les surfaces de reception de lu- 
miere des moyens detecteure optiques (30a,30b) 
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et la surfece d*emission de lumiere du moyen de 
source de lumiere (31) dans la direction de Taxe 
optique du moyen de source de lumi^re estsupe- 
rieure d une 6palsseur des premier et second 
moyens detecteure optiques (30a.30b) dans la di- 
rection de raxe optique du moyen de source de 
lumiere (31). 
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